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Motivation	for	the	research	
After graduating from my bachelor’s degree in civil engineering, I started working for Western 
Water, a water utility to the north‐west of Melbourne, and began studying a masters by research 
part‐time at RMIT. At Western Water I was in the Capital Planning and Investments team as a junior 
project manager, mainly working on my own sewer and water pipeline, and land development 
projects. As part of this role I also began managing the development of Integrated Urban Water 
Management (IUWM) strategies. I found working with planning projects very interesting as the 
social and economic factors considered were much more complex than the technical challenges in 
pipeline projects or land development. 
It was during this time I recognised there was no accepted standard framework for how an IUWM 
strategic planning process should be conducted. I found this very difficult for myself, as there were 
no guidelines I could use, but more importantly I noticed that IUWM strategies being planned by my 
colleagues were inconsistent. I saw the greatest of these inconsistencies as how social, political, and 
environmental impacts were considered. The outcomes of strategies would be defined by the 
subjective assumptions that the planning team would make. As there was little direction from 
government, I saw this as having the potential to create strategies that confirmed the conscious and 
unconscious biases of the planners, which is something critical thinking should seek to avoid. 
It was at this stage I sought to convert my part‐time masters to a full‐time PhD. I increased the 
project scope from the option selection method called “multi‐criteria assessments” to encompassing 
the full scope of an IUWM strategy, considering all the components included in the IUWM 
infrastructure planning framework presented in publication two of this thesis. It was only with the 
strong support from my RMIT supervisory team, I was able to leave Western Water and convert into 
a full‐time PhD at the end of 2014. 
My PhD study was completed as part of a team with another PhD candidate Casey Furlong, being 
supported by our RMIT supervisory team of Dr Saman De Silva and Dr Nira Jayasuriya. Altogether we 
had multi‐disciplinary expertise in engineering management and water management allowing us to 
holistically address these issues. My study focused on IUWM strategies while Casey’s study focused 
on IUWM projects, so while they shared a common methodology the content of both theses was 
very different. These differences are explained in chapter 1.1.5. Casey’s candidature ended 
successfully in 2016. My candidature has taken longer because I studied part‐time while I took a 
leave of absence to work in Cambodia for one year.  
I identified and began investigating nine IUWM strategies as my case studies, eventually becoming 
chapter 3 of this thesis. Through investigating the case studies it became almost immediately 
evident that stakeholder engagement was the most important factor in the success of the projects 
outlined in the case studies. However, I was yet to understand how best to improve this. 
Outside of my research I have experience in sustainable development. It was through this work I was 
exposed to Human Centred Design, which I saw as a potential method for improving engagement in 
IUWM strategies. I have since brought Human Centred Design into my research and have been 
acknowledged within the industry as an expert in this field, as shown through my conference 
presentations and publications. 
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Summary	
Integrated Urban Water Management (IUWM) is a new and emerging paradigm in urban water 
management that calls for the integration of the previously separate services of potable water, 
sewerage and drainage. This thesis investigates a particular aspect of IUWM – IUWM infrastructure 
strategies. This particular aspect is the collaborative process through which the future infrastructure 
for all three water services in a given area or region are planned to increase collaboration between 
services, reduce siloing, and achieve best possible community outcomes. The primary methods of 
the research have included the examination of nine IUWM strategy case studies which are attached 
in appendices A 1–9, consultation with 43 experts from 25 organisations, and an industry survey. 
Overall, this thesis seeks to deepen and increase the understanding and knowledge surrounding 
IUWM and provide guidance on how its implementation could be improved, with a particular focus 
on IUWM strategies. 
As this is a thesis by publication, the first chapter of the thesis introduces the concepts of IUWM and 
IUWM strategies. The chapter begins with a brief literature review to find the research gaps and 
questions. After the literature review the introduction explains how this research sits within the 
existing fields of knowledge and shows how the publications fit together by explaining the structure 
of the thesis. 
Chapter 2 is the first body chapter of the thesis and includes two jointly co‐authored publications. 
This chapter sets up the context for the rest of the thesis by developing a strong understanding of 
what IUWM is. The first publication investigates the terminology of integration in the field of water 
management. This publication finds that there are many similar terms related to IUWM and that 
continued proliferation of multiple terms would likely result in the creation of knowledge silos. 
Publication 2 creates an IUWM infrastructure planning framework, which was then used to frame 
the case studies. This publication found that previous infrastructure planning frameworks did not 
adequately consider the social and political aspects that are so important in IUWM planning, or the 
delineation between decision analysers and decision takers – this framework considers both. 
Further, publication 2 also builds on the understanding of IUWM developed in publication 1. 
Chapter 3 is the crux of the thesis, where the case studies have been investigated and analysed. 
Because of the importance of this chapter it is the only chapter that includes a separate and more 
detailed methodology. After the methodology the case study reports, which are attached in 
appendices A 1–9, have been summarised to make them easier to read. The case study summaries 
include the most important information about the case studies while being significantly shorter than 
the published case study reports. This chapter also includes the Industry Findings Report. The case 
studies were assessed and analysed together to discover a full picture of IUWM planning processes 
and create the Industry Findings Report. The 21 recommendations for IUWM strategies are the 
central outcome of this research. The majority of these recommendations involve engaging with 
stakeholders and the community, showing that engagement is a vital aspect of IUWM planning. Each 
of the following chapters include important outcomes found through interpretation of the case 
studies. 
In the next chapter, publication 4 discusses the creation of an IUWM strategy categorisation system. 
This categorisation system was created at the same time, in an iterative manner with the case 
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studies. The categorisation system helped identify the important and comparable aspects of the case 
studies, and the case studies helped to validate the categorisation system, and both were refined 
together. This categorisation system is the first to be created for IUWM strategies and features six 
scope descriptors which quickly let the user know about a strategy and how it can be compared with 
other strategies. Of particular note, one of the scope descriptors discusses the intended outcomes of 
the strategy, whether the strategy aims to (1) create objectives, (2) set targets, or (3) analyse, 
recommend, or approve projects, or some or all of these things. The intended outcomes are new to 
the field of knowledge and have the most profound impact on an IUWM strategy. 
Chapter 5 includes one publication, publication 5, which discusses IUWM issues. An IUWM issue is 
something that can either positively or negatively impact the adoption of IUWM. This publication 
first created a complete list of issues, then through a survey assessed which issues are most 
important to which stakeholders. It found that each different type of stakeholder placed different 
levels of importance of different issues, with local government being most out of sync with the rest 
of the water sector. These findings can be used to better target engagement to particular 
stakeholders. 
In chapter 6, the last publication discusses the case studies being assessed through a lens of Human 
Centred Design (HCD). As was shown in chapter 3, engagement was the most important element to 
creating a successful strategy. Publication 6 discusses the engagement method of HCD and assesses 
the case studies to see how many HCD principles were used in each, and if there was a correlation 
with success. This paper found that in all the case studies there was a strong correlation between 
HCD principles and success in terms of both relational and infrastructure impacts.  
The concluding chapter of this thesis lists all the outcomes from the research program, including 
how each research question was addressed. Overall this thesis has deepened the understanding of 
IUWM and IUWM strategies with the 21 findings in the Industry Findings Report and with the 
categorisation system. This thesis also provides guidance for increasing the implementability of 
IUWM strategies by providing the insights that HCD can be significantly beneficial when included in 
IUWM planning, and a list of the important IUWM issues for different types stakeholders. 
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1 Introduction	
1.1 Integrated	Urban	Water	Management	
1.1.1 Urban	water	management	
Managing water resources effectively is critical for liveability and growth in cities (Marlow, et al., 
2013). Traditionally, urban water systems have been managed in three separate services: potable 
water supply, sewerage and drainage (Khouri, 2006; Brown & Farrelly, 2009). Most of these services 
are made available to urban communities via reticulated networks in underground pipes (Marlow, et 
al., 2013). Services have traditionally been managed by independent departments or organisations 
which each have their own specific service requirements and targets (Maheepala, et al., 2010; 
Mukheibir, et al., 2014).  
Throughout the history of urban water management, it has gone through a number of phases. It 
began with the construction of dams to supply the water needs of growing cities. The need for 
sanitation arose to safely transfer the effluent water away from people to safe treatment facilities, 
which led to cities needing to create either separated or combined sewerage–drainage networks 
(Brown & Farrelly, 2009). During the 1970s there was a global push to increase the concern for 
environmental systems as governments and communities began to recognise that current practices 
were unsustainable (Mukhtarov, 2008). This trend increased the importance of proper sewerage and 
drainage systems, as well as an increased awareness and change to water usage (Brown & Farrelly, 
2009). 
1.1.2 Changing	context	and	drivers	for	the	water	sector	
More recently, climate change, urbanisation and general population growth have continued to 
intensify stress on traditional water systems and management (Connor, et al., 2017). Water 
managers now must be able to consider these things while also taking into account that water 
resources are being increasingly put under more pressure. The United Nations estimates that 
globally there will be a water deficit of 40% by 2030 under business as usual scenarios (UN Water, 
2015). 
Water managers need to have visibility across engineering and environmental science disciplines. 
The field of water management has traditionally been based on engineering thought; it has been 
reactive and linear, but water management is now far more complex than it once was (Bell, 2012). 
Water managers need to consider and integrate a large number of technologies for the capture, 
treatment and storage of water in combination with social aspects of water efficiency measures. In 
addition to these functions water managers must also consider high‐value eco‐systems and how to 
protect them (Morley & Karr, 2002; Hamilton, 2007). 
Further, water managers need to have a growing understanding of their communities. Community 
values, liveability and social amenity all need to be considered by current water managers. To 
effectively understand community sentiment of these aspects they need to actively consult with the 
community (Morison & Brown, 2011). Increasing scrutiny of water systems by the media make water 
infrastructure highly political, further pulling water into the realm of social science (Ravesteijn & 
Kroesen, 2007). 
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In many countries, governments are now being forced to look beyond this traditional water 
management paradigm as the impact of water services is reaching its limitations on social and 
environmental fronts (Bell, 2015). This has resulted in several other water management trends that 
can be seen globally: (1) an increase in effluent reuse schemes to reduce pressures on the potable 
network, (2) more large desalination plants to increase water resources, and (3) more small‐scale, 
decentralised water treatment schemes (Bell, 2015). 
As urban water management began to consider social and environmental aspects, outside the 
traditional water supply, sewerage, and drainage mandates, there was increased complexity in 
management and decision making (Bell, 2012). Increasingly public water authorities are becoming 
more aware that traditional water management could not meet the requirements for this new world 
(Brown, 2005; Marlow, et al., 2013). 
However, the idea that traditional water management needs to change is not a new one. This topic 
was discussed at a series of global summits in 1977, 1992 and 2002 (Mukhtarov, 2008). These 
summits created the foundation of Integrated Water Management (IWM). Following the 2002 World 
Conference on Sustainable Development the United Nations recommended that all countries begin 
developing Integrated Water Resource Management (IWRM) plans (Mukhtarov, 2008). These plans 
would consider all the water resources that countries had in an integrated way. In the same 
integrated vein, but in relation to specifically urban water infrastructure, the term that is most used 
by academics and industry is Integrated Urban Water Management (IUWM) (Maheepala, et al., 
2010; Closas, et al., 2012). 
1.1.3 Integrated	Urban	Water	Management	
At its heart the IUWM paradigm aims to integrate the planning and management of water 
infrastructure across the three services. However, IUWM has other core principles that it should 
consider. IUWM should also be proactive and systematic – looking forward in a planned and logical 
manner – and IUWM should also aim to achieve the best possible social, environmental, and 
financial outcomes for the community as a whole (Mitchell, 2006; Closas, et al., 2012; Bahri, 2012). 
The Global Water Partnership defines IUWM in the following way (Bahri, 2012): 
Integrated urban water management (IUWM) offers a set of principles that underpin better 
coordinated, responsive, and sustainable resource management practice. It is an approach that 
integrates water sources, water use sectors, water services, and water management scales: 
 It recognises alternative water sources.
 It differentiates the qualities and potential uses of water sources.
 It views water storage, distribution, treatment, recycling, and disposal as part of the same
resource management cycle.
 It seeks to protect, conserve and exploit water at its source.
 It accounts for nonurban users that are dependent on the same water source.
 It aligns formal institutions (organisations, legislation, and policies) and informal practices
(norms and conventions) that govern water in and for cities.
 It recognises the relationships among water resources, land use, and energy.
 It simultaneously pursues economic efficiency, social equity, and environmental
sustainability.
Lachlan Guthrie – PhD Thesis  Page 5 
 It encourages participation by all stakeholders.
In Australia, IUWM is most closely linked to the planning of recycled water and stormwater 
harvesting projects (Mitchell, 2006; Ferguson, et al., 2013; Wong & Brown, 2009). These alternative 
water projects have benefits to the potable water system by providing alternative water sources and 
relieving strain on the network, and also to either the sewerage system or the drainage system, as 
well as the receiving environment (Mitchell, 2006; Ferguson, et al., 2013; Wong & Brown, 2009). 
However, internationally IUWM takes on a broader meaning, encompassing more holistically the 
entire urban water management cycle (Closas, et al., 2012; Bahri, 2012; Howe, et al., 2011). 
IUWM, in the sense that the term is used in this thesis, specifically includes: 
1. coordinated planning of all water services (water supply, sewerage, and drainage)
(Makropoulos, et al., 2008; Dobbie & Brown, 2013; Mukheibir, et al., 2014)
2. optimising available resources, particularly through the consideration of alternative water
sources such as wastewater and stormwater reuse opportunities optimising the role of
water in urban environments (Mitchell, 2006; Ferguson, et al., 2013; Maheepala, et al.,
2010)
3. long‐term planning horizons (Mitchell, 2006; Mukheibir, et al., 2014).
1.1.4 The	planning	challenges	associated	with	IUWM	infrastructure	
IUWM can mean different things to different people at the conceptual level but at the level of 
physical infrastructure it most often refers to alternative water projects (Furlong, et al., 2016b). 
Australia is yet to create any direct potable water reuse schemes (ATSE, 2013) and therefore in 
Australia alternative water projects are most commonly decentralised recycling or stormwater 
harvesting schemes that treat and then distribute the water for non‐potable uses (Barker, et al., 
2011; Institute of Sustainable Futures, 2013). These two types of projects cut across service silos by 
using by‐products of the stormwater or sewerage networks to alleviate pressure on the water supply 
network, which is the heart of IUWM (Marlow & Tjandraatmadja, 2014). 
Planning these types of project is more complex for a number of reasons. Firstly, many different 
stakeholders need to be involved, these can be different departments of the same organisation or 
different organisations altogether, who are not experienced in working together (Maheepala, et al., 
2010; Mukheibir, et al., 2014). Secondly, as these are relatively new technologies, utilities have less 
experience in implementing them which results in more risk and uncertainty, especially in trying to 
predict the source costs and usage demand from the public (Institute of Sustainable Futures, 2013; 
Marlow & Tjandraatmadja, 2014). Thirdly, social and environmental benefits, which these projects 
often provide, are difficult to value and therefore difficult to include in a standard business case 
(Marsden Jacob Associates, 2013). Lastly, because of the integration of sectors and different types of 
benefits, the objectives of IUWM projects are often competing with one another (e.g. improving the 
social benefit of the project may reduce the environment benefit) requiring water managers to 
consider trade‐offs between these benefits (Maheepala, et al., 2010). 
1.1.5 IUWM	strategies	
This thesis, however, is focused on one particular aspect of IUWM planning – “IUWM strategies” – 
which has an important distinction from “IUWM projects”. 
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IUWM strategies are decision making processes through which water managers consider all three 
water services to plan for future water infrastructure in a single, clearly defined region (Furlong, et 
al., 2016a). Most commonly regions are defined by natural catchment boundaries or imposed 
jurisdictional boundaries (Warner, et al., 2008). IUWM strategies make predictions about how the 
region will change with respect to population growth, climate change, and urbanisation over a 
period of time. They change in terms of the time frame that they investigate, with some strategies 
being as short as five years and others as long as 50. They also can be different in size, with some as 
large as an entire watershed or country, or as small as a small town or suburb (DSE, 2005; 
Melbourne water utilities, 2006; Maheepala, et al., 2010; Jefferies & Duffy, 2011). Strategies can be 
created for a variety of reasons with water managers to decide which methods are most appropriate 
for the circumstance they find themselves in (Furlong, et al., 2016a; Hering, et al., 2015). 
IUWM projects are pieces of individual infrastructure that can be recommended during an IUWM 
strategy. It is important to note that an IUWM strategy might recommend projects that are not 
“IUWM” and are just “traditional” water projects, if they best meet the needs of the community 
(Furlong, et al., 2016a). This delineation is shown in figure 1.1. 
Figure 1.1 – Visualisation of “IUWM strategies/plans” as opposed to “IUWM projects” 
When adopting a new planning paradigm, there will always be barriers to the adoption of that new 
paradigm. One of the key requirements for the adoption of IUWM as a planning paradigm is 
increased stakeholder interactions (Rauch, et al., 2005; Brown & Farrelly, 2009; Mukheibir, et al., 
2014). Stakeholders who previously had little or no interaction are now required to work together as 
one team to complete the strategy (Rauch, et al., 2005; Brown & Farrelly, 2009).  
1.2 Previous	research	into	IUWM	infrastructure	planning	
Major institutions in Europe have been examining how IUWM practices can improve sustainability in 
water management. Prompted by environmental concerns and introduced in by the European Union 
in 2000, the Water Framework Directive encouraged integrated approaches to comprehensively 
address water management issues (Science for Environment Policy, 2015). Other projects, such as 
the Global Water Partnership and Prepared Enabling Change, facilitated the creation of IWRM plans 
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and preparing water systems for climate change (Hulsmann, et al., 2010; Global Water Partnership, 
2014). 
Funded by the European commission, the SWITCH project brought together 33 different 
organisations to investigate a wide range of water management subjects. The research program ran 
between 2006 and 2011, with a main objective of determining how to achieve sustainable urban 
water management. SWITCH focused on building a joint vision between partners in the development 
of an IUWM strategy (Howe, et al., 2011; SWITCH, 2010). While much of this work has contributed to 
the academic body of knowledge, SWITCH did not go so far as to create a framework to guide IUWM 
planning. 
In 2012 the World Bank investigated the utilisation of metropolitan case studies from developing 
countries to consider how IUWM was being operationalised. The research identified barriers to 
implementation, specific issues, and what further research could be done. From this research the 
World Bank developed a communication‐centric process between high level stakeholders through 
which infrastructure options would be selected (Closas, et al., 2012). 
Perhaps the most practical of these research projects was the creation of the 2010 IUWM planning 
manual by the CSIRO. In partnership with the Environment Research Foundation and the Water 
Research Foundation in the USA (Maheepala, et al., 2010), this project investigated infrastructure 
planning processes used for IUWM internationally. The CSIRO then put forward a theoretical 
framework for how IUWM planning should be undertaken. The framework was then tested on six 
different metropolitan regions as case studies (Maheepala, et al., 2010). This framework did not 
include elements of implementation, and monitoring and evaluation. 
1.3 Melbourne	as	a	case	study	
1.3.1 History	of	water	management	in	Melbourne	
Melbourne is the capital city of the state of Victoria in Australia, and has been selected as the main 
location for this research to be undertaken, with seven of the nine case studies being from Victoria. 
Melbourne is considered to be a world leader in IUWM planning and has been used as a case study 
in many other research projects (Jefferies & Duffy, 2011; Green, 2014; Ferguson, et al., 2013).  
Melbourne has a long history of water infrastructure since its founding in 1835, with the first water 
supply dam being constructed in 1857. Melbourne’s water and sewerage services were the main 
reason for the founding of the Melbourne and Metropolitan Board of Works in 1890 which serviced 
Melbourne until it was broken up in 1992 (Ferguson, et al., 2013). 
From 1997–2007 Melbourne (and most of Australia) experienced a drought commonly called the 
“millennium drought”. As the drought worsened and water supplies began to run dry, water security 
became one of the major policy focuses of the Victorian Government (Furlong, et al., 2016c). It was 
well understood that climate change was a major factor causing this drought and experts could not 
expect that rainfall would go back to previous levels (Tan & Rhodes, 2008). 
During the years of the drought many resources were invested to create plans to ensure 
Melbourne’s water security. Between 2002–2007 five strategies each with a 50 year time frame 
were created with little continuity between them (Furlong, et al., 2016c). The final of these 
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strategies recommended the construction of Australia’s largest desalination plant and a pipeline to 
be able to transfer water from agricultural supplies in the state’s north to Melbourne. Both of these 
pieces of infrastructure were completed at a total cost of over $5 billion and have since never been 
used (DSE, 2007; Ker, 2010; Furlong, et al., 2016c). 
These two projects were largely seen by the public as failures and have resulted in widespread public 
outcry, making water management a highly politicised topic (Ferguson, et al., 2013). It was argued 
that smaller, decentralised alternative water projects, like stormwater harvesting or recycled water, 
would have resulted in a greater benefit to the community at less expense (Porter, 2013). This 
informed government policies and through support from government grants many alternative water 
projects have been constructed in Melbourne since (Furlong, et al., 2016c). 
1.3.2 Melbourne	stakeholders	in	the	study	
Melbourne has many different public organisations that are involved in water management. There 
are four public utilities that consider water services as their core operation, and many others where 
water services are only one part of the role they play in the community (Furlong, et al., 2016c). 
The four metropolitan Melbourne water utilities are Melbourne Water, South East Water, Yarra 
Valley Water, and City West Water. Melbourne Water services the whole of Melbourne, while each 
of the others have non‐overlapping regions inside Melbourne. Melbourne Water is the bulk water 
and sewerage provider. They manage the large water and sewerage infrastructure in Melbourne, 
such as the large water supply dams and the two large sewage treatment plants. Melbourne Water 
also manage large drainage infrastructure. The other three are water retailers which manage the 
reticulation networks and act as the interface between customers and Melbourne Water 
(Department of Envrionment, Land, Water, and Planning, 2018). 
Greater Melbourne also has 31 Local Government Agencies (LGAs) and a number of state regulatory 
bodies. In terms of the water sector, each LGA is responsible for street‐scale drainage, but they also 
have a strong connection with their public and operate many green spaces, which consume water 
and can be used as overflows during large rain events (Municipal Association of Victoria, 2017). The 
Department of Environment, Land, Water and Planning (DEWLP) is the state government 
department which regulates everything in the water sector. Victoria also has at least four state‐wide 
regulators that monitor human and environmental health, finance, and land use planning (Furlong, 
et al., 2016c). 
1.3.3 International	significance	of	this	research	
While Melbourne and Australia are the subject of this thesis it is believed that many of its findings 
can and should be applied to other parts of the world. Australia and Victoria have unique 
governance structures and the findings have been validated only in this environment. As such when 
applying the findings, one should consider the local context especially in regard to governance. This 
is a limitation of the research. That being said, there are many learnings that one can take between 
governance structures as many of the issues that this thesis addresses will also be faced elsewhere 
around the world. Further, the majority of the literature referenced in this thesis come from outside 
Australia meaning there are strong similarities with urban water management worldwide. 
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1.4 Knowledge	gaps	
1.4.1 The	need	for	an	improved	water	infrastructure	planning	framework	
“Infrastructure planning framework” is the general term that is used for infrastructure planning in 
multiple sectors, like water and transport (WSAA, 2014). While each framework is different they 
each include the fundamental steps which are consistent with the rational planning tradition. These 
steps include goal setting, identification and evaluation of options, and implementing decisions 
(Hudson, et al., 1979). 
Although planning processes are ideally formed by science and evidence interpreted in a rational 
and objective manner, there are also considerable social and political elements at play (Lane, 2001; 
Minnery, 1985). As all decisions are made by humans and therefore open to opinion and 
interpretation, treating infrastructure planning as solely rational and objective would be an 
oversimplification. Famous planner Lindblom (1959) described planning as “the science of muddling 
through”. 
It has been noted previously that water management is traditionally planned in a straightforward 
and linear manner, which is increasingly becoming more difficult in IUWM. Recently the research 
from the CSIRO (Maheepala, et al., 2010)continued to portray water infrastructure planning as 
rational and objective. There is currently no water infrastructure planning framework that 
adequately considers the social and political factors which are becoming increasingly more 
important in water management. Therefore, as there is no appropriate planning framework for the 
IUWM paradigm there is a need for the creation of a new framework that addresses and 
incorporates these factors. 
1.4.2 The	need	for	a	categorisation	system	
It is difficult for practitioners and academics to understand what types of IUWM strategies currently 
exist and what the differences and similarities between them are (Anderson & Iyaduri, 2003). This is 
especially challenging as there is a diverse range of contexts, scales and geographic conditions, 
populations, intended outcomes, and number of services that an IUWM strategy can be completed 
in (Hering, et al., 2015). Adding to the complexity is that strategies can also cover a range of existing 
water infrastructure, governance arrangements, and public expectations (O'Halloran, et al., 2012; 
Wilson, et al., 2013; Overman, et al., 2015). Therefore, without an appropriate categorisation 
system, comparisons between different IUWM strategies can be difficult and there is little way of 
understanding if the learnings from, or actions used in, one strategy can be applied to another 
(Furlong, et al., 2016a). 
The creation of an IUWM categorisation system is therefore needed to assist in understanding and 
seeking continual improvement of IUWM strategies. To understand if a strategy was successful or 
not, it is logical that one needs to fully understand the context in which it was undertaken. Further, if 
one wants to bring learnings into a new planning process from previous IUWM strategies one must 
fully understand the context of both the new and old strategies and be able to compare the two. 
Without a categorisation system, in‐depth analysis of an IUWM strategy is required to understand 
that context and therefore it is slow to ascertain knowledge from a strategy. Therefore, there is a 
need for the creation of an IUWM categorisation system to be able to accurately and quickly 
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describe the relevant similarities and differences between strategies and allow for strategy 
comparisons. 
1.4.3 IUWM	planning	issues	
There has been substantial research conducted into the issues that either inhibit or enable the 
adoption of IUWM principles and successful IUWM strategies. These issues are most often discussed 
with negative connotations as things that will impede IUWM, such as “major challenges” (Mukheibir, 
et al., 2014), “key aspects of resistance” (Farrelly & Brown, 2011), “planning problems” (Briassoulis, 
2004), “strategic planning barriers” (Wang, et al., 2007), or “gaps” (OECD, 2011). Issues can also be 
talked about positively as factors that enable IUWM to flourish, such as “critical success factors” 
(Farrelly & Brown, 2011), or “bridges” (Sendzimir, et al., 2008). Further, issues can also be discussed 
in a neutral way without being enablers or inhibitors but important things to consider, such as 
“thematic lessons” (Markey, et al., 2008), or “relevant issues” (Rauch, et al., 2005). 
When one investigates these issues further it becomes evident that no list of issues is complete. In 
fact, of the most popular articles that discuss IUWM issues only one discusses both positive and 
negative aspects (Farrelly & Brown, 2011).  
It is logical to expect that different stakeholders would place greater importance on different IUWM 
issues, according to their responsibilities and interaction in the water sector. However, none of the 
most popular IUWM issues studies discuss which issues are most important to different 
stakeholders. Therefore, there is a need for a comprehensive list of issues and an understanding of 
the importance placed on each of those issues by different stakeholders. 
1.4.4 Engaging	with	stakeholders	
Recent research has suggested that IUWM projects often reach the final stages of planning but that 
the infrastructure is not actually constructed, with the projects either being cancelled or postponed 
long term. A significant factor causing the non‐implementation of projects was challenges when 
engaging with stakeholders and/or the community (Furlong, et al., 2017). Further examples have 
shown that when poorly run stakeholder and community engagement has occurred it has resulted in 
wasted resources and strained relationships (Furlong, et al., 2016c). This is not surprising because 
the majority of the complexity that exists in IUWM planning is due to difficulties navigating the 
competing objectives of different stakeholder (Brown, 2005; Institute of Sustainable Futures, 2013). 
What is noted in engagement literature is that when engaging with stakeholders it is important to 
tailor engagement actions to the individual stakeholders that you are engaging with (Carson, 2008). 
It is also important to move away from the purely science‐based, rationalistic, “power of the better 
argument”, Habermasian approaches of the 1980’s. Modern infrastructure planning requires 
planners to consider the social aspects of a “lay” person’s opinion as valid and valuable (Healy, 
2009). This trend is not just present in the water management sector but is also occurring in 
international development (Brown & Wyatt, 2010), waste management (Healy, 2009), and the 
energy sector (Hall, et al., 2013; Jami & Walsh, 2014). 
As can be seen, there is still a lot of uncertainty about how best to engage with the community and 
stakeholders. It is also an important aspect for IUWM practitioners to understand for the future 
success of IUWM planning. Therefore, there is a need for a better understanding of the most 
appropriate ways to engage with stakeholders and/or the community. 
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1.5 Situating	the	current	research	in	existing	research	
The overarching objective of this thesis is to deepen and increase the understanding of the 
knowledge surrounding IUWM and provide guidance on how its implementation could be improved, 
with a particular focus on IUWM strategies. Therefore, as is the same when extending any fields of 
knowledge, it is important to have a good understanding of the existing knowledge gaps. 
As IUWM is a relatively new concept finding gaps in literature is not a difficult task, as there are 
many and wide gaps in the literature (Sharma, et al., 2012). As in sections 1.1–1.4, much of the 
research into IUWM has been centred on barriers to the adoption of IUWM or critical success factors 
that must be present for IUWM to be successfully adopted. However, IUWM as a concept has not 
been fully defined, while most practitioners accept that collaboration is at its heart the exact 
definition of what IUWM is or is not is still unclear (Furlong, et al., 2016b). A key focus of the 
literature review, as it should be in any literature review, was to identify gaps that currently exist in 
the literature. These gaps were explained in section 1.4 and are further explained in each of the 
appropriate publications. The knowledge gaps that this research has identified are a lack of: 
 appropriate frameworks for the planning of IUWM projects and strategies that adequately
consider all elements of an IUWM planning process
 understanding about what factors are important when comparing strategies with one
another and no existing IUWM strategy categorisation system
 understanding around which IUWM issues are most important to particular stakeholders
 understanding around how to most effectively and holistically engage with stakeholders.
From these gaps, four research questions were developed, shown below. 
1. What is an appropriate planning framework for putting IUWM into practice?
2. What characteristics are most important when defining and comparing IUWM infrastructure
planning strategies?
3. Is there a difference in what issues different stakeholders believe is most important in
IUWM? What issues are most important to each stakeholder?
4. What is the best and most effective way to engage with stakeholders?
This thesis is structured so that each of the research questions is answered by one of the body 
chapters. 
1.6 Overarching	research	methodology	
Below is a brief version of the methodology of the whole research. Each publication includes its own 
method section, this merely gives an overview of the research argumentation and method as a 
whole. Figure 1.2 shows the methodology as a flow diagram. 
1.6.1 Research	philosophy	
As the research questions are very diverse this research project has needed to employ many 
different methods, which are each explained in the publications. However, to ensure that the 
research was completed in a coherent manner an overarching research philosophy of pragmatism 
needed to be developed and used throughout. In this way research methods that were practical 
were preferred over those that followed previous academic research as argued by Feilzer (2010). 
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Many of the research questions are qualitative, and therefore the answers to the questions need to 
be found through qualitative research methods rather than standard engineering methods for 
quantitative research. Therefore, the researcher was required to take a role observing what factors 
were at play, to determine the findings as suggested by Ison and Watson (2007). 
One of the main data sources of this study were interviews with water management experts. In total 
43 industry experts, from 25 organisations, were consulted with in over 63 meetings. These expert 
interviews have been used for multiple chapters and their use has been explained in each chapter as 
appropriate.  
1.6.2 Research	methodology	
Existing literature was used in every chapter of this thesis. While the literature review shown in 
chapters 1.1–1.4 was the main output from the existing literature, like the methodology sections, 
each chapter formed by a key publication has its own literature review. 
The main research outputs of the entire thesis were the case studies and the Industry Findings 
Report. Chapter 3 includes the Industry Findings Report and summaries of the case studies that can 
be found in full in appendices A 1–9. The main research input for this was expert consultation which 
took two main forms: (1) consultation with an independent group of experts called the industry 
contact list, and (2) consultation with experts directly involved in the case studies to help gather 
information and examine the case studies. The industry contact list was consulted at two stages: 
firstly to help guide the research and to guide and assist determination of which strategies should be 
chosen as case studies; and secondly to logic check the findings from the case studies in the Industry 
Findings Report. Consultation with the case study contacts was also iterative with at least three 
interviews undertaken per case study to help give a holistic understanding of how the strategies 
were created. The method used to complete the case studies is explained in detail in section 3.1. 
Chapter 2 covers setting the context and includes an investigation into the terminology and 
historical use of IUWM, and the creation of an IUWM planning framework. Both publications used 
reviews of academic literature and expert consultation to create their outputs. More detailed 
methodologies can be found in both publications. 
The categorisation system that is discussed in chapter 4 was created iteratively with the case 
studies. The case studies informed and validated the categorisation system, and the categorisation 
system helped in understanding the important components of the case studies. The publication in 
chapter 4 includes a methodology section which explains this in more detail. 
As well as literature, publication 5, which is presented in chapter 5, was informed by a survey sent to 
water management experts in Australia. Through this survey the understanding of IUWM issues and 
how different types of stakeholders consider them was developed. This publication also includes a 
more detailed methodology section. 
Publication 6, in chapter 6, uses both the case studies and existing literature, especially literature on 
Human Centred Design to understand how engagement can be improved in IUWM planning. This 
chapter also includes its own detailed methodology section. 
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Figure 1.2 – The overall methodology of the thesis 
Note: Research inputs and research outputs for each chapter of the thesis are shown. 
There is an iterative process between the case studies and categorisation system. 
Literature informed all chapters so was not included in the diagram. 
 
1.7 Thesis	structure	
This thesis has seven chapters, with the main body of the thesis being chapters 2–6. Each of these 
chapters includes at least one publication. Chapter 1 is the introduction which contains a brief 
literature review and an outline of the entire thesis. Chapters 2–6 each answer one of the research 
questions, except for chapter 3 which contains all the information on and about the case studies. 
Chapter 3 is also the only chapter with a discrete methodology section, as there was no 
methodology included in publication 3. Chapter 2 covers the context and puts all the building blocks 
in place that allow for the case studies to be examined, therefore it needed to be situated before 
chapter 3. Then chapters 4–6 all use the case studies, so that is why they are situated after chapter 
3. Finally, chapter 7 is the conclusion that reviews and discusses the outcomes of the thesis as a 
whole. 
As mentioned earlier, most of the body chapters discuss and answer one of the research questions 
each. This has been structured in this manner to make reading the thesis as a whole easier, with a 
clear structure to follow and then to be reported on in the conclusion. 
There are also ten appendices to this thesis. Attached are the nine IUWM strategy case studies – 
these provide further information to the case study summaries in section 3.2 – and the survey 
responses from the survey that informed publication 5. 
Figure 1.3 shows the entire thesis structure. 
Lachlan Guthrie – PhD Thesis  Page 14 
Figure 1.3 – Thesis structure 
Appendices
App A1–9: Case study reports App B: Survey questionare
Chapter 7: Conclusions and recommendations
Review and conclusion of the thesis as a whole
Chapter 6: Strengthening the understanding of why IUWM strategies succeed through the lens of Human Centred 
Design
Pub 6: Understanding success factors of Integrated Urban Water Management strategies using the lens of Human Centred Design
Chapter 5: Building a better understanding of industry perspectives regarding IUWM
Pub 5: Differences in perspectives on Integrated Urban Water Management planning issues between organisational types in 
Melbourne’s water sector
Chapter 4: Creating a water infrastructure strategy categorisation system to be able to compare different 
strategies
Pub 4: A categorisation system for Australian Integrated Urban Water Management plans
Chapter 3: Understanding IUWM strategies
Methodology Case study summaries Pub 3: Industry Findings Report
Chapter 2: Understanding IUWM and setting the context for the research
Pub 1: Analysing the terminology of integration in the water 
management field
Pub 2: Developing a water infrastructure planning framework 
for the complex modern planning environment
Chapter 1: Introduction
Outline of the thesis and literature review
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2 Understanding	IUWM	and	setting	the	context	for	the	research	
In this chapter there are two publications: 
 Analysing the terminology of integration in the water management field 
 Developing a water infrastructure planning framework for the complex modern planning 
environment 
These two publications document the initial investigations into the field of IUWM completed during 
the research program. Through these two publications the researchers were able to develop a 
strong, holistic understanding of IUWM and set up the research project. Because they were written 
relatively early in this thesis, the author of the thesis is the co‐author of these publications. 
The second publication also answers research question 1: How can a planning framework for water 
infrastructure planning be developed? 
Publication 1 investigates the language and terminology of integration in relation to water 
management worldwide. Publication 2 investigates the creation of a planning framework that can be 
applied to all water infrastructure planning.  
The framework developed in publication 2 was an essential element in providing the understanding 
behind how planning processes work internally and was used to help examine the case studies. 
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Abstract
The idea that water management should take an integrated approach has become the global paradigm over the
past two decades. This new paradigm has come to be known by many different names. This paper explores the use,
history and meaning of these competing terms, and discusses the possible implications of this term-proliferation.
The literature indicates that a minimum of 26 distinct terms have been used. The use of different terms appears to
have underwritten a belief that each term identifies a distinctly different field of study. After analysing sample
definitions and subject areas for the eight most frequently used terms, it has been determined that some terms
do have fundamental differences and others are essentially the same. This unnecessary term-proliferation contrib-
utes to a ‘knowledge silo’ effect, impeding knowledge-sharing and research advancement within the water
management field. It is recommended that both academia and industry start actively considering term-proliferation
when searching and publishing literature.
Keywords: Integrated water management; Integrated water resource management; River basin management;
Total water management; Urban water management; Water cycle management
Introduction
What does ‘integrated’ mean?
Beginning in the 19th century with the widespread construction of water reservoirs and sewered
cities, the field of water management has traditionally operated within a relatively simple template:
as a utility that provides services to customers. In this context water managers were responsible for
meeting service standards for segregated services at the lowest cost possible. Having segregated services
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with their own service standards meant that separate water supply, sewage and drainage teams could
monitor situations and wait until action was required. This ‘conventional’ approach was straightforward
and aimed to avoid complexity by utilising large standard centralised solutions (Mitchell, 2006). Under
this management style, in many locations the environment suffered from pollution and was largely neg-
lected in decision making. Where environmental action was taken, it was usually targeted at well-
defined, localised and independent problems (Vugteveen & Lenders, 2009).
Over the past two decades the field has gradually evolved to encapsulate a broader set of consider-
ations, such as ecosystem protection, urban liveability and interactions with the economy. This shift in
considerations was closely associated with the sustainable development agenda, which came to promi-
nence over approximately the same period (Ioris, 2008).
To make informed decisions and pursue the goals of sustainability it became apparent that a change was
required from the ‘conventional’ approach described earlier, towards an ‘integrated’ approach which con-
siders multiple aspects and services in a coordinated way (Mitchell, 2006). The word integrated means
desegregated and implies looking at the bigger picture, considering all relevant information or, in other
words, viewing situations as a ‘whole’, made up of interconnected parts. In the field of water management
the key difference between a ‘conventional’ and an ‘integrated’ approach is that the latter takes into con-
sideration multiple competing objectives, contributing factors and the relationships between these variables.
This change from ‘conventional’ to ‘integrated’ is generally referred to as a ‘paradigm shift’. How-
ever, in the literature this new paradigm has been given many different names – including integrated
water resource management (IWRM), integrated water management, integrated water cycle manage-
ment, integrated urban water management, etc. In the literature these differing terms are usually
accompanied by the authors’ opinions on what actually needs to be integrated, and some high level
guidelines about how this should be done (Jaspers, 2003; Mitchell, 2006; O’Connor, 2010).
The opinions of experts appear to be, to a certain extent, based on local context and personal experience
(Downs et al., 1991). Therefore this large variety of terms with differing definitions can be partially attrib-
uted to the fact that although the need for integrated approaches is universal, the exact factors that need to
be integrated and the optimal process with which to consider them vary tremendously between situations.
The context of a given situation has a large impact when selecting the appropriate concepts, such
as: decision-making scale and boundary selection process, level of stakeholder input, institutional and
legal arrangements, agricultural and economic considerations, technical and budgetary limitations, etc.
(Vugteveen & Lenders, 2009). In some cases there is also contentious debate within a given context
about the meaning and utility of terms. One notable example of this is the monocentric versus polycentric
management debate common to river basins in developing countries (Lankford & Hepworth, 2010).
The history of integrated approaches
One way that the water policy field can be conceptually separated is into the three highly interrelated
components of what, who and how. ‘What’ refers to objectives and standards such as sustainability and
water security, ‘who’ refers to water governance and institutional arrangements, and ‘how’ refers to the pro-
cesses through which water is managed. This paper deals primarily with the ‘how’ component, and seeks to
develop a better understanding of what theories exist and in what ways they differ. Although some existing
management styles differ substantially, the complex and interrelated nature of water issues in the modern
age requires that all management styles include an integrated approach on some level (Biswas, 2004). In the
interest of conveying the general history of the topic in the simplest possible way, the authors have at
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various points in this paper used the term ‘integrated approaches’ to refer to all of the integration-related
terms covered. The differences between these terms will be explored later in this paper.
The exact origins of integrated approaches in the field of water management appear to be contested in
the literature; however, this is largely due to the fact that different aspects emerged at different times. For
example, the idea of considering environmental impacts in decision making was realised decades ago,
whereas social and liveability considerations within urban areas are relatively new and not widely prac-
tised (Mukhtarov, 2008).
The literature suggests that there is a commonly held belief that concepts of integration in the water
management field did not exist before they were discussed in a series of global summits in 1977, 1992
and 2002. However, a brief scan of the literature quickly reveals that some aspects have been around
much longer (Mukhtarov, 2008). Two authors make the case that some integrated concepts such as
downstream water re-use, diverting excess water to groundwater recharge, participatory water tribunals
and organising water management on the basis of river basins can be identified in Spain as far back as
the Middle Ages (Rahaman & Varis, 2005; Vivas et al., 2009).
In modern history the first records of the use of integrated approaches in water management occurred
in the United States in the early 1900s. Some of the first terms that were used to describe these concepts
were ‘rational comprehensive planning’ and ‘multiple-purpose water construction’ (Mukhtarov, 2008).
These terms were involved in the broader idea of ‘river basin management’ which was based on the idea
that river basins were the ‘natural’ unit for water management (Warner et al., 2008). Some authors argue
that the exact origins of integrated approaches to water management can be traced back to the USA
Flood Controls Act of 1917 or the establishment of the Tennessee Valley Authority in 1933
(Gallego-Ayala, 2013). These ‘river basin management’ concepts were very much centred on the con-
struction of dams on a river for multiple purposes (Warner et al., 2008).
In the 1950s, the term IWRM was first used by the United Nations (UN) (Mukhtarov, 2008). This was
part of the broader concept of ‘integrated resource management’ which can be described as ‘the sharing
and coordination of the values and inputs of a broad range of agencies, public and other interests when
conceiving, designing and implementing policies, programs or projects’ (Mitchell, 1990).
In the 1970s and 1980s, the water management field started to shift towards having more of an emphasis
on environmental considerations (Warner et al., 2008). In this period many terms were created around the
concepts of ‘ecosystem based approaches’ such as ‘holistic river basin management’ (Downs et al., 1991).
At the 1977 UN Conference on Water, held in Plata Del Mar, for the first time a large proportion of
the international community began to discuss the need for integrated approaches to water (Biswas,
2004). The idea did not become widespread until it began to gain momentum after the two UN Con-
ferences held in 1992, where ideas were formalised into Chapter 18 of Agenda 21, recommending
the adoption of integrated approaches for water management. In 2002, at the World Summit on Sustain-
able Development, recommendations were made that IWRM plans be made for all river basins around
the world by 2005 and, in the years following, IWRM was largely adopted around the world as the way
to achieve sustainability in the water sector.
Consolidating this process, the Global Water Partnership (GWP) suggested that the following defi-
nition for IWRM be adopted:
‘A process, which promotes the coordinated development and management of water, land and related
resources in order to maximize the resultant economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems’ (Global Water Partnership, 2000).
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The term IWRM and the interpretation above have become the most widely used terminology for
integrated approaches within the water management field (Rahaman & Varis, 2005; Mukhtarov,
2008). However, despite this apparent international consensus, in the period following this process
many other terms with similar definitions have appeared in the literature.
Even though the term IWRM and the concepts and practices behind it were accepted by a large pro-
portion of the international community following the World Summit on Sustainable Development, there
are a substantial number of experts who hold the view that IWRM is too rigid and that a one-size-fits-all
top-down management approach is not suitable for every situation (Lankford, 2008). Some authors hold
the view that IWRM often fails to incorporate significant issues, such as irrigation, by not adapting to
local contexts through the role of polycentric governance and citizen participation (Lankford et al.,
2007).
It was from this viewpoint that the ideology of adaptive water management (AWM) was spawned.
Although there are some differing opinions on what form AWM should take, the literature is consistent
on the point that management processes should be continually revised and updated in order to continu-
ally improve and tailor them to particular situations (Pahl-Wostl et al., 2007; Bruch, 2009; Lankford &
Hepworth, 2010).
Unlike the AWM ideology which emerged as a conscious challenge to the generally accepted IWRM
paradigm, some other terms do not explicitly challenge the IWRM paradigm and in many cases do not
refer to IWRM at all. As no emphasis is placed on the difference between the IWRM concept and the
concepts of these terms, it is not always clear to what extent terms differ from IWRM and from each
other. As the distinctions between the majority of terms are not immediately obvious, it is logical
that conceptual analysis should be employed to provide further insight into what differences exist
between terms.
Before attempting to determine the potential impact of terminological issues on the water manage-
ment field it is prudent to take a moment to consider the current state of the field itself. There are
numerous problems that exist within global water management. One problem is a lack of knowledge-
sharing or, as Biswas (2004) phrased it, ‘sitting in water-tight cages and preaching holistic approaches’.
Another problem commonly discussed is the ‘absence of strong and legitimate institutions to promote
water governance’ (Gupta et al., 2013). Some consider it a problem that politics intrudes on the ability
of specialists to manage water-related problems (Blomquist & Schlager, 2006). Lankford (2008) argues
that the typical water management approaches are often theory-facing rather than problem-facing and
this leads to strategic level planning being insufficiently context aware. In summary, as Gupta et al.
(2013) state, societies on all scales are struggling to deal with global water governance and its
implications.
Analysing the terminology of integration
As mentioned in the previous section, there are many problems that exist in the water management
field. There are a number of factors that contribute to and exacerbate these issues. It is the opinion
of the authors of this study that the large variety of terms is a factor that slows progress within the
field by aiding the creation of knowledge silos. One piece of evidence that points to this conclusion
is the way literature reviews are conducted. An example of this can be seen in the literature review con-
ducted by Gallego-Ayala (2013) in which the researcher searched for the terms IWRM and Integrated
Water Management but not Integrated Urban Water Management, Total Water Management or other
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terms. In the paper’s analysis section, concepts are discussed which are highly relevant to the urban
sector such as water supply augmentation, the economic value of water, and climate change. The litera-
ture review in question therefore has not included a large proportion of the literature, and thus has
reduced value for water policy makers.
In the light of this, the authors propose that the terminology used is a matter of some importance in
the consideration of water policy. The authors Downs et al. (1991), Medema & Jeffrey (2005) and
Vugteveen & Lenders (2009) agree that the terminological issues are of importance and their work
will be discussed in this section.
Several preliminary reviews of different terms have previously been attempted. A study conducted in
1991, before IWRM became widely adopted, determined that there were at that time already between 21
and 36 different terms being used to describe ‘the paradigm of a unified approach to basin management’
and suggested ‘that there are advantages to be gained by using terms in a standard way’ (Downs et al.,
1991); in its conclusion, the study discussed the perceived difference between two popular terms, ‘com-
prehensive basin management’ and ‘integrated basin management’, before ‘provisionally recommend
[ing]’ that ‘holistic river basin management’ be used in certain circumstances.
A study in 2005 sought to answer the question ‘IWRM and Adaptive Water Management: synergy or
conflict?’ and concluded that both terms had similar drivers, that theoretically they complemented each
other, and not enough was known about the practical application of either to answer the question
(Medema & Jeffrey, 2005).
Another study in 2009 discussed the meanings of 10 competing terms and found that they could be
grouped into two categories; holo-centric terms which are conceptually rooted in human issues, focusing
on factors such as social considerations and stakeholder consultation, and eco-centric terms where eco-
systems are considered the major structural and functional units (Vugteveen & Lenders, 2009).
The authors have not discovered a clear and up-to-date record in the literature on what terms exist,
their relative popularity, and to what extent their meanings and associated concepts and practices
differ. Also there has not been any serious discussion of potential impacts that the existence of these
numerous terms may have had on knowledge sharing.
This paper sets out a preliminary review of a large set of integration-related terms. The objectives of
this study are to identify the most popular integration-related terms, compare the popularity of terms,
investigate their respective meanings and associated concepts, and to make an initial assessment of
what potential impact term proliferation may be having on knowledge sharing.
Method
Identification of terms
The first stage involved surveying a sample of the available literature in order to identify and catalo-
gue the various terms that include the aspect of integrated approaches in water management.
This process began with a reading programme that set out to select papers that involved a general connec-
tion to the use of integrated approaches in relation to water management. This collection of 80 papers was
deliberately undertaken in a sporadic fashion, as themain aimwas to achieve diversity and breadthwithin the
field. The diversity that was sought included a variety of institutional types, including state, academic and
industry sources, a broad representation of countries of origin and of a diverse range of disciplines such
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as ecology, economics, water management, public and environmental policy, etc. The papers were drawn
from a range of sources including online databases such as Scopus, and the online libraries of Elsevier
and the American Society of Civil Engineering. The papers that were collected are predominantly academic
but this set also included a variety of reports from public and private organisations.
The process for this involved the researchers screening the literature for repeated terms and assessing
from stated definitions, and/or context, whether terms were being used to identify integrated approaches.
In the majority of cases the terms appeared in the title, abstract or key terms, making identification
easier. The most obvious inclusion criteria was the presence of the words ‘integrated’ and ‘management’
in phrases that were repeated throughout. In other cases where the trigger term ‘integrated’ was not pre-
sent, a closer reading sometimes identified related themes, such as concepts related to ‘total’, ‘adaptive’
or ‘sustainable’ water management. In such cases further analysis was required to determine if the term
did in fact include an integrated approach. The output of this process was a list of distinct terms.
Data collection
The second stage of the study involved collecting historical data on the use of terms from an online
literature database. The use of terms was recorded against time and between subject areas.
Following the identification of distinct terms, the researchers were then able to use database search func-
tions to quantify the frequency of use over time for individual terms. There are currently two online literature
databases which are able to facilitate this process: Scopus and Web of Science. The Scopus database was
selected on the basis that it has a larger total collection, due to the inclusion of low impact journals (Chade-
gani et al., 2013). Scopus has search functions which display relevant information about search results. By
utilising one of these functions, researchers were able to easily view the number of search results each year.
The frequency of use of each term was recorded in 5-year periods and graphed over time.
The graphical representation of the frequency of use of terms over time enabled the researchers to
draw correlations between the trends shown on the graphs and the broader global context, for example
global summits and ideological movements such as the sustainable development agenda. In order to
further understand the use of differing terms, the body of literature for each term was separated into sub-
ject areas. This was undertaken using a Scopus search function in the same way that the year of
publication was determined.
Comparison of definitions
The third stage of this study involved collecting and interpreting the definitions given to terms.
This process took the form of collecting and then comparing the stated definitions of terms. The
number of identified terms (31) was deemed too large to facilitate this process and therefore it was con-
ducted for only the nine most used terms from Table 1. It was originally planned that for each of the
selected terms, the two most cited academic papers featuring the term in their title would be collected,
and have definitions extracted from them. However, it became necessary to adapt this plan mid way, as
it was found that the most cited academic papers do not always include definitions of the terms that they
are using. In such cases less cited papers were referred to. Definitions were then able to be compared
within each term, and between each term. In keeping with previously conducted studies, an attempt
was then made to analyse terms with regard to their conceptual content in order to ascertain what com-
ponents are included within each of the terms.
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Results
Identification of terms
Terms were first identified from the initial readings and compiled into a list. The process identified 31 dis-
tinct terms that were seen to potentially include the use of integrated approaches; these are displayed in
Appendix A1 (available online at http://www.iwaponline.com/wp/017/185.pdf). The count of the number
of initial readings that included the respective term is shown in the column ‘Initial readings’. A search for
the respective phrase was then conducted on the Scopus online database, and the total number of results
and the year of the earliest result were recorded in the ‘Scopus database’ and ‘Earliest recorded use’ columns.
The 10 overall most popular terms are displayed in Table 1. As predicted in the introduction, IntegratedWater
Resource Management has been the most frequently used term.
It became evident that Sustainable Water Management and Sustainable Water Use are terms that
identify the goal of sustainability but do not indicate a method or approach. The literature is quite con-
sistent in this matter (Liu et al., 2008; Makropoulos et al., 2008) and therefore it was decided that, as
these terms do not include the concepts of integrated approaches, they should not be represented in the
‘frequency of use’ graphs.
With a few exceptions, such as Integrated Urban Water Management being over-represented in the
initial readings, it can be said that there is a fair correlation between the counts in the initial readings
and the relative number of results found during the Scopus database search. It should be noted that
the earliest recorded use in the Scopus library is not necessarily the earliest actual use in the literature,
as no online database contains the entirety of the literature on any topic.
Data collection
The total number of Scopus search results for each term was recorded in time periods, starting with
pre-1979 and then in 5-year blocks from 1980 onwards. Figure 1 shows the results for the eight most
used terms that include an integrated approach. The collected data can be seen in Appendix A2 (avail-
able online at http://www.iwaponline.com/wp/017/185.pdf).
Table 1. Frequency of use within initial readings and Scopus database, as well as earliest recorded use of the 10 most used
terms.
Terminology Initial readings Scopus database Earliest recorded use
Integrated water resource management 32 992 1966
Integrated water management 39 523 1970
Sustainable water management* 3 484 1984
Integrated watershed management 2 196 1984
Integrated river basin management 2 181 1986
Sustainable water use* 1 171 1997
Water sensitive urban design 1 124 1999
Integrated urban water management 7 89 1990
Total water management 1 67 1970
Adaptive water management 3 36 1995
*Determined as not indicating the use of integrated approaches.
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Figure 1 clearly shows the rise in popularity of the term IWRM in the period 2000–2004. The graph
also shows a steady increase in use for almost all terms. This is certainly partially due to an increasing
interest in the field, but it also may be affected by the Scopus database being more likely to contain more
recent papers, and a global increase in the total number of publications. It should also be noted that the
period displayed as ‘2010–’ (meaning 2010 until August 2013) does not represent a full 5-year period
and therefore the dips that can be seen on the right of the graph do not represent an actual decline. This
same data is displayed in Figure 2 below as a percentage of total term use over the same time periods.
Fig. 1. Use of terms over time.
Fig. 2. Dominance of terms over time.
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Figure 2 makes certain parts of the overall story easier to interpret, for example the dominance of the
term Total Water Management prior to 1980. It also shows that the terms Water Sensitive Urban Design
and AWM are relatively new, and that Integrated Watershed Management, Integrated River Basin Man-
agement and Integrated Urban Water Management have all maintained a relatively consistant percentage
of the total field. As could be seen in Figure 1, Figure 2 also illustrates once more the decisive shift from
Integrated Water Management to IWRM between 2000 and 2004.
Comparison of definitions
Appendix B1 (available online at http://www.iwaponline.com/wp/017/185.pdf) displays two defi-
nitions for each of the eight most used terms that include the use of integrated approaches.
Definitions have also been shown for Sustainable Water Management, a term that does not include
the use of integrated approaches, and also for ‘integrated approach/assessment’, which was used by
this paper as an overarching term in the introduction.
As stated earlier, after a careful reading of the provided definitions it can be confirmed that Sustain-
able Water Management differs from the other terms. Sustainable Water Management is a term used to
describe the goal of sustainability. As a goal rather than a management style, it can be determined that
this term does not include the use of integrated approaches. Once definitions were collected, an attempt
was made to compare the terms against each other regarding their conceptual components.
The process involved in the creation of Table 2 was unavoidably subjective and based only on stated
definitions rather than underlying concepts and practices. In the opinion of the researchers, all of the
terms shown include the use of integrated approaches.
Figure 3 shows the use of terms within a number of subject areas. The actual data can be found in
Appendix A3 (available online at http://www.iwaponline.com/wp/017/185.pdf). IWRM, Integrated
Water Management and AWM display similar distributions across subject areas. Integrated River
Basin Management and Integrated Watershed Management display a decreased proportion of use in
engineering, and an increased proportion in earth and agricultural sciences. Finally, the terms Total
Water Management, Water Sensitive Urban Design and Integrated Urban Water Management show
an increased proportion of use in the business, engineering and mathematics areas, and a decreased pro-
portion in the areas of earth and agricultural sciences.
Discussion
Integrated approaches, in different forms and identified by different names, have gradually become
widespread in the field of water management over the past few decades. The use of many of the
terms increased dramatically around the year 2000. This increase can be partially attributed to the
2002 World Summit on Sustainable Development, and subsequent actions taken by the UN and
other international organisations, such as the Global Water Partnership, to promote the uptake of
IWRM plans throughout the world.
The study has discovered that there are at least 26 different water management terms being used that
include the concepts of integrated approaches. Interestingly it can be shown that terms are still being
coined, with twelve new terms being created over the past 10 years, as can be seen in Table 1. Figure 2
indicates that prior to 1980 the most popular term was Total Water Management; since that period, the
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Table 2. Concepts included in each term.
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terms Integrated Water Management and IWRM have dominated the research field, although the results
indicate a recent shift towards the use of less well-known terms.
Differences between terms
After analysing the definitions of the 10 most popular terms it was determined that the meaning of all
except Sustainable Water Management and Sustainable Water Use included the concepts of integrated
approaches. Sustainable Water Management is a goal or aspiration rather than a management style (Liu
et al., 2008).
Of the remaining eight popular terms that do include the concepts of integrated approaches, there are
fundamental differences between some of them. The authors of this study propose that the differences
between the definitions of terms are largely caused by two factors. The first is variance in the spatial
context both between and within countries, meaning that different situations require different manage-
ment styles, and the second is personal experience, including the discipline that authors are versed in. As
Biswas (2004) states: ‘water problems of the world are neither homogeneous, nor constant or consistent
over time’ and clearly different circumstances call for different responses. These differences in context
have partially contributed to the proliferation of terms. The most obvious distinction between terms is
whether they relate to an urban or rural area; however, some distinction can also be made between the
socio-economic status of countries and the management review process.
Water management concepts that need to be considered vary between rural and urban areas; therefore
the differentiation between rural and urban is a logical distinction. For example, it is common for water
managers working in rural/agricultural areas to take the view that decisions should be made along
hydrological boundaries, as this is generally considered to be the ‘natural’ unit for water management,
although that claim is thoroughly contested by some authors (Warner et al., 2008). In rural areas it is
also typical that land use planning, stakeholder consultation and water allocations take high priority
(Jaspers, 2003). The terms that typically align with these priorities are IWRM, Integrated River
Basin Management, Integrated Watershed Management and AWM. Davis (2005) argues that IWRM
is often used within developing countries and is almost always carried out along hydrological
Fig. 3. Term use within subject areas.
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boundaries. Warner et al. (2008) state that IWRM is Integrated River Basin Management at the broadest
scale. AWM was designed as a conscious objection to the one-size-fits-all approach of IWRM
(Pahl-Wostl et al., 2007).
In contrast to this, an urban water manager is likely to be of the view that decisions should be made
along urban planning or metropolitan zones, and centred on the three major sectors of water supply,
sewage and stormwater (Mitchell, 2006). This leads to an emphasis on infrastructure solutions that pro-
vide benefits to more than one sector, such as sewage and stormwater recycling plants (Chanan &
Woods, 2006). Some of the terms commonly associated with these priorities are Integrated Urban
Water Management, Total Water Management, Whole-of-water Cycle Management and Integrated
Water Cycle Management. In the opinion of the authors of this paper there is no clear distinction
between the meanings of these terms. There are some cases in the literature where urban water managers
in developed countries have used the history of IWRM as justification for urban-centred theories around
integration (Wallington et al., 2010). This practice is questionable as there are distinct differences
between IWRM practices and those used in urban areas.
Integrated Water Management as a term is often used in both a rural and urban context. There are
many cases within the literature where authors appear to use certain terms interchangeably with Inte-
grated Water Management. In these cases the other terms used typically align with the urban/rural
distinction. Some examples of this are Geldof (2002), who uses Integrated Urban Water Management
interchangebly with Integrated Water Management, and Rahaman & Varis (2005) with IWRM and Inte-
grated Water Management.
The findings above provide justification for sorting terms into three categories: rural-centred, urban-
centred and the umbrella term of Integrated Water Management. The subject area results in Figure 3
provide further support for these categories, with the proportions of engineering increasing in urban
areas, and the proportions of earth sciences and agricultural sciences increasing in rural areas.
There are also many cases where the definitions of terms appear highly similar but differences can be
noted in associated concepts and practices. Further analysis supports this finding that the terms’ defi-
nitions alone are not able to convey all of the associated concepts and practices, as well as the
different ways ideas are applied across the world. One example of this is IWRM, the broad and
vague definition of which does not carry all of the varying opinions about how it should be put into
practice (Biswas, 2004). Integrated Watershed Management has a definition very similar to that of
IWRM, however, in practice, there are differences. Integrated Watershed Management appears to be
more often used in developed countries and often takes polycentric organisational forms (Blomquist
& Schlager, 2006).
Within each term there are also many debates surrounding how these terms should be implemented on
a practical level. One example of this is within AWM where there are differing opinions on whether
water management should have a formal, regulatory approach or a more decentralised approach (Lank-
ford & Hepworth, 2010).
The implications of term proliferation
The creation of different terms has the potential for leading to a belief that each term identifies a dis-
tinctly different field of study, creating pockets of knowledge that do not fully share or interact with each
other. In the corporate world, this concept is referred to as the creation of ‘knowledge silos’ (Pemsel &
Muller, 2012). The researchers found many examples where an author using a particular term explains
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why that term/ideology is different and in some way a necessary advancement in understanding. In such
cases the author often appears to have a tendency to refer to papers that use the same term.
There are of course other factors contributing to the lack of knowledge sharing in the water manage-
ment field. There are knowledge gaps created by language and geographical and political barriers. There
is also a knowledge-sharing problem between academia (that often publishes theoretical research but
does not always have practical experience) and industry (that has practical experience but often does
not consult the available research or disseminate findings in the scientific literature).
If knowledge silos are being created, this represents a significant risk to the continuing development
of the water management field and may impede knowledge sharing, preventing researchers from devel-
oping a clear understanding of what research has previously been conducted and causing studies to be
repeated unnecessarily rather than learning from previous research.
Perhaps the most compelling evidence that term proliferation hampers knowledge sharing and con-
tributes to the creation of knowledge silos is the case mentioned in the introduction, which can now
be considered in the context of the popularity of terms. It can now be demonstrated that, by only search-
ing for IWRM and Integrated Water Management in the literature review, Gallego-Ayala (2013) could
potentially access only 1515 out of the 3050 papers (less than 50 per cent) available on Scopus that
relate to the concepts under consideration.
Conclusion
Knowledge silos have the potential to negatively impact water policy objectives. In order to reduce
the impact of knowledge silos, it is the recommendation of this paper that researchers and water man-
agers need to start actively considering term proliferation when searching and publishing literature. It is
also recommended that the umbrella term. ‘Integrated Water Management’ be used in place of all the
urban-centred terms or, as a minimum, that they are mentioned in the key words of journal papers.
In the case of rural-centred terms, it has been found that there are some fundamental differences between
terms and they should therefore not be conflated, although Integrated Water Management should still be
mentioned in the key words. It is considered that these actions will improve knowledge sharing in the
water management community.
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Prevailing water infrastructure planning frameworks tend to present planning processes as rational and
objective, paying little attention to whose interests are served. In reality, the planning process is
inherently subjective and shaped by social and political dimensions. In this paper we develop a water
infrastructure planning framework that is mindful of this context, beginning with a review of the evo-
lution of planning theory. Existing frameworks are compared in order to develop a draft framework,
which was then reﬁned through consultation with water industry experts. Compared to the prevailing
frameworks, our approach: (1) makes explicit the iterative process between decision analysis and de-
cision taking, (2) ensures that cost-sharing arrangements are in place before ﬁnal recommendations are
made, (3) considers the effects of public and media perceptions about project outcomes on future
planning, and (4) makes explicit the impact of government and community preferences on the planning
process. We recommend this framework for use in both planning and analysis.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
1.1. Changing context and drivers for the water sector
Water policy is understood as an emerging priority for gov-
ernments (Heathcote, 2009). As countries all over the world
approach, and often exceed, sustainable environmental limits,
there have been increasing occurrences of water shortage (Bouwer,
2000). Water managers are required to consider climate change
(Khouri, 2006), contamination of water supplies, population
growth, and migration, all while suitable locations for new dams
and river extraction points become increasing limited (Bouwer,
2000; Biswas, 2004). The United Nations has predicted that a
business-as-usual approach to water resources will result in a
global fresh water deﬁcit of 40% by 2030 (UN Water, 2015).
The ﬁeld of water utility management, which was traditionally
an engineering-based, technical practice, is now far more complex
(Bell, 2012), with many interrelated factors to consider (Vugteveen
and Lenders, 2009). Water utilities are currently required to inte-
grate an increasing array of water resource technologies, such asong).
Lachlan Guthrie –desalination, rainwater tanks, andwater reuse, in combinationwith
water efﬁciency measures. In addition to these technical functions,
water managers have an expanding mandate to consider eco-
system protection and restoration, with endangered species pre-
sent in peri-urban rivers (Morley and Karr, 2002) and “Ramsar”
classiﬁcation of sewage treatment plants for having internationally
signiﬁcant wetlands (Hamilton, 2007).
Other than technical and environmental considerations, values-
based and less quantiﬁable social factors, such as liveability and
social amenity, should also be considered. To effectively incorporate
these factors into planning, stakeholders should be more actively
consulted and water authorities should be involved in urban
planning and building regulations (Morison and Brown, 2011). The
traditional framework within which urban plans are made ﬁrst to
set broader urban development objectives, followed by water
plans, is no longer seen as the best way to plan urban areas. Beneﬁts
can be accrued from creating “integrated” plans that consider water
and broader urban planning considerations in combination.
Increasing scrutinyby themediaandcommunitymembersarealso
pulling water infrastructure issues into the political cycle (Ravesteijn
and Kroesen, 2007), creating a more complicated relationship with
government actors and funding sources. Two examples of the politi-
cization of infrastructure planning are given in Section 1.3 below. PhD Thesis 34
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currently moving towards sustainable “ﬁt-for-purpose” water man-
agement in the form of decentralised stormwater and wastewater
treatment and reuse (Institute of Sustainable Futures (2013); Ofﬁce of
Living Victoria (2014); Bell, 2012; Ferguson et al., 2013), as has been
predicted by some academic researchers (Brown et al., 2009). How-
ever, as Bell (2015) points out, there is a simultaneous counter trend
towards capital and energy-intensive desalination plants, as well as
environmentally damaging inter-basin transfers. The direction that
urban water management takes in a particular region or city will be
greatly affected by social and political factors in the planning process.
1.2. Water utility management practices in transition
Changing context and drivers for the water sector are making it
necessary for water management practices to adapt and evolve
(Bell, 2015). A number of related water management paradigms are
emerging around the world in response to the trends described
above.
Although this transition is occurring sporadically across the
globe, parallels can be drawn between the global sustainable
development agenda and speciﬁc paradigms such as Integrated
Water Resource Management (IWRM), Integrated Urban Water
Management (IWRM), and Water Sensitive Urban Design (WSUD)
(Furlong et al., 2015). Key principles of IWRM include integrated
management practices, seeing water from economic, social and
environmental perspectives, and the participation of communities
and women in key processes (Global Water Partnership, 2012).
IUWM can be described as a strategic long-term planning approach
to urban water that considers and includes all potential water
sources, services, stakeholders, and impacts in order to create the
best possible community outcomes (Mukheibir et al., 2014). WSUD
describes the approach of incorporating best-practice stormwater
management, such as implementing bioﬁlters and wetlands, into
urban areas in order to improve liveability and environmental
outcomes (Brown et al., 2009).
Major institutions have examined how water management
practices can be improved in order to achieve sustainability. The
SWITCH project, funded by the European Commission and involving
33 different organisations, investigated awide array of topics related
to managingwater (Howe et al., 2011). The GlobalWater Partnership
was instrumental in advocating for the creation of IWRM plans
across the world (Global Water Partnership, 2014). The introduction
of the Water Framework Directive in the European Union in 2000
was largely prompted by water pollution concerns but actually
addressed many water challenges and encouraged a comprehensive
approach to both water quantity and water quality (Science for
Environment Policy, 2015). Another project, known as Prepared
Enabling Change, is focused on preparing water utilities for the ef-
fects of climate change (Hulsmann et al., 2010).
1.3. The need for an improved water infrastructure planning
framework
One aspect of watermanagement involves decisions aroundwhat
water infrastructure should be built and where. Water infrastructure
includes the physical structures that capture, hold, treat, and trans-
port fresh/potable water, wastewater and stormwater and are
generally managed and planned by water utilities, also known as
water authorities or water service providers. Planners within water
utilities conduct analysis to develop infrastructure recommendations
that are then assessed and reviewed by management within the
utility as well as external government regulators, as applicable.
Elected politicians impact the infrastructure planning process by
exerting either direct or indirect inﬂuence on utilities and regulators,Lachlan Guthriesometimes in order to pursue partisan policies.
“Water infrastructure planning frameworks” are used to guide
and augment project planning by specifying the process and steps
for identifying infrastructure solutions. It is typical for planners to
agree on an infrastructure planning framework at an early stage in
the planning process. Frameworks are usually either set at an
institution/department level or determined on a case-by-case basis.
“Infrastructure planning framework” is a general term used by
the water and transport sectors (CSIRO, 2010; WSAA, 2014), but also
in ﬁelds such as communications and electricity supply (Wilmoth,
2003). These frameworks include a number of fundamental steps
such as goal setting, identiﬁcation and evaluation of options, and
implementation of decisions, which generally can be described as
consistent with the rational planning tradition (Hudson et al., 1979).
It has long been recognized that although planning is often
represented as rational and objective, in reality it is inherently
subjective and affected by social and political dimensions, as well as
prone to unavoidable conﬂicts (Lane, 2001; Minnery, 1985).
Lindblom (1959) famously described planning as “the science of
muddling through.” One only needs to look brieﬂy into the
decision-making processes involved in any major infrastructure
project to discover just how subjective and political planning can
be. Two obvious examples from Australia include the national
broadband network, which was re-designed mid-rollout due to a
change in government (Murphy, 2015; Saﬁ, 2014), and the Mel-
bourne desalination plant, which was used as a political point
scoring exercise to the extent where one newspaper headline read
as “the state election that neither side deserves to win” (Davidson,
2014). Although planning processes are ideally informed by science
and evidence, it is problematic to consider planning decisions as
entirely objective or rational, as all are made by humans and are
therefore open to interpretation and opinion.
It has been noted that even 21st century paradigms such as
IWRM and IUWM pay relatively little attention to social issues such
as “whose interests are served, and whose voice is being heard,”
having a general tendency to focus mainly on technical aspects of
planning (Mukhtarov, 2008). Recent works by CSIRO (2010) and
Rodrigo (2012) continue to represent water infrastructure planning
as linear, rational, and expert driven. Considering that water
infrastructure outcomes are affected by a variety of social and po-
litical factors, it is logical and desirable that water infrastructure
planning, and the frameworks that guide it, should explicitly
address and incorporate these factors.
1.4. Focus and structure of this paper
The focus of this paper is on understanding the reality of plan-
ning in the modern context, and creating a water infrastructure
planning framework that is tailored to this environment. To be
more speciﬁc, the research develops a list of the steps that should
be conducted in a water infrastructure planning process, but not
the particulars of what should be done in each of these steps.
One explanation for why researchers have chosen to not discuss
speciﬁcs borrows language and concepts used in psychology by the
developers of Neuro-Linguistic Programming (NLP). NLP practi-
tioners provide clients with “process instructions” that are delib-
erately left “content free”. This is because if the “content” of the
process is included, and it does not match what the client is looking
for, then the client is likely to reject the process itself. In other
words the more content details provided within a process frame-
work, the greater the probability of rejection (Grinder and Bandler,
1981). This likely also applies to the ﬁeld of water management,
where if a practitioner observes that the content of a planning
process is not relevant to their situation, they will likely disregard
the overall structure and process. Put another way, the developed – PhD Thesis 35
Fig. 1. Research methodology.
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to problem solving, than it is a theoretical framework, which is a
bounded, internally consistent conceptual schema used to interpret
and evaluate data and theoretical concepts (Bullock and Tromley,
2000). This distinction is also expressed as the difference be-
tween Procedural and Substantive planning theories (Faludi, 1973).
Theoretical and substantive frameworks, such as the key prin-
ciples of IWRM, can be described as “content”. Such content is
relevant to infrastructure planning in terms of how infrastructure
planning steps should proceed, but the existence of IWRM princi-
ples does not negate the need for a set of process instructions. The
same can be said of legislative arrangements such as the EU Water
Framework Directive. Policies that reﬂect IWRM principles, and
WFD legislation, will still beneﬁt from the use of a well-designed
infrastructure planning process.
Whether described as process instructions, a model, a frame-
work or a heuristic, the approach developed in this research was
designed to be inclusive of the many contingencies found in actual
planning practice rather than to sideline or ignore these un-
certainties in order to build an idealized map of the planning
process. Although not intended to be a fully developed methodol-
ogy, this contribution intends to offer greater sufﬁciency than
existing planning frameworks because it acknowledges a number
of planning concepts that generally are not currently considered, or
at least not considered systematically.
The structure of this paper is laid out as follows: (1)we review the
evolution of urban and infrastructure planning concepts, (2) compare
existing water infrastructure planning frameworks with ﬁndings
from the review in order to identify conceptual gaps, and (3) develop
and reﬁne of an innovative water planning framework that is sufﬁ-
ciently complex to deal with the myriad of issues faced by modern
water planners.
2. Methodology
The methodology utilised in this research was inspired largely
by the method that Lichﬁeld (1975), a preeminent urban planning
scholar, used to create his General Planning Process. This involved a
review of the evolution of planning concepts, a comparison of
existing planning frameworks, and industry consultation in order
to develop and reﬁne an innovative framework. The full method-
ology is shown in Fig. 1.
A literature reviewwas conducted on the evolution of urban and
infrastructure planning concepts. It was determined through this
review that the evolution of planning theory is effectively covered
by a number of preeminent authors, including Faludi (1973, 1997)
and Lichﬁeld (1975, 1996), who have written wide-scope “classic”
treatments of the subject. In combination with some more recent
papers to check modern perspectives on traditional analysis, a
picture was painted of how the conceptual landscape of the plan-
ning ﬁeld has evolved over the last century.
The next phase of the research involved analysis and comparison
of modern water infrastructure planning frameworks. Planning
frameworks are not necessarily explicitly deﬁned, or easily identiﬁ-
able, within planning documents. The frameworks considered here
were collated from two years of comparative research into water
infrastructure planning. A set of six frameworks was selected for
detailed analysis; four were based on industry-standard documents
from reputable sources, and two were based on academic research.
Conceptual analysis was conducted to determine what compo-
nents were included within each framework in order to create a
combined set without duplication. This combined set was used as
the basis for creating a draft framework. Concepts that were
deemed important by the literature review, yet not included in the
modern water infrastructure planning frameworks, were added.Lachlan Guthrie –Examples are the inclusion of decision taking elements and the
effects of project outcomes on future planning processes.
An extensive industry consultation process was conducted to
improve and validate the draft framework. Australian water plan-
ning professionals from both the public and private sectors were
consulted. Experts were identiﬁed and contacted through a com-
bination of what is known as “snowball sampling”, where experts
recommend additional experts, and maximal variation sampling,
which involves consciously searching for experts from a variety of
desirable backgrounds (Baumgartner and Pahl-Wostl, 2013). A total
of 34 industry experts were identiﬁed from 19 organisations across
four states of Australia. The organisational types from which the
experts were selected are shown in Appendix A.
The draft planning framework was improved and reﬁned
through consultation with the industry experts to create a ﬁnal
version that was consistent with their recommendations. The in-
dustry consultation process involved 29 meetings in person and
another three by phone. In each meeting industry experts were
asked for their opinion on the draft framework. The format of the
consultation meeting was semi-structured and experts were
allowed to discuss whatever topics they saw ﬁt in addition to
commenting on the proposed framework. Comments were
assessed in relation to each other and used to develop the ﬁnal
version of the framework, which was validated through a 2 h
workshop with the Water Services Delivery team of Melbourne
Water Corporation.
The practical utility of the proposed framework was assessed
through a preliminary analysis of planning case studies. Case study
samples were chosen from water infrastructure projects within
Australia that had been planned within the last seven years and
where information about the planning process was available to the
researchers. It is difﬁcult to objectively assess the effectiveness of
the framework in relation to the case studies; however, we can
draw some preliminary conclusions about using our framework in
comparison to previously used frameworks.
3. Review on evolution of urban and infrastructure planning
concepts
In order to understand the complexities of planning in the PhD Thesis 36
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academic ﬁeld of planning over its history.
Evidence of relatively sophisticated urban planning practices
can be seen as far back into history as ancient Egypt (Pedersen et al.,
2010) and ancient Greece (Minnery, 1985). Urban planning became
known as an independent professional ﬁeld and academic area
around the turn of the 20th century (Minnery, 1985), emerging
from a combination of architecture, engineering, and surveying
(Faludi, 1973) with some inﬂuence from economics, geography,
human ecology, and urban design (Friedmann, 1963).
Unlike urban planning, infrastructure planning does not have an
independent theoretical or academic background and has evolved
mainly through a trial-and-error process led by practitioners within
public institutions (Elmer and Leigland, 2013). In an increasingly
complex anddynamic sociotechnical process, infrastructure planning
is generally done through a combination of federal, state and local
governments; bureaucratic planning agencies; and water, road,
communications, and energy utilities (Graham, 2000).
In the ﬁrst half of the 20th century, both urban and infra-
structure planning practices were predominantly technical and
expert driven, involving centralised control and a formalised
plan (Hudson et al., 1979; De Smit and Rade, 1980). This type of
planning is generally referred to as ‘rational planning’, which
typically involves the basic elements of goal setting, identiﬁca-
tion of policy alternatives, evaluation of means against ends, and
implementation of decisions. This process is not always under-
taken in precisely this order, and can include any number of
feedback loops; however all of these steps must be included
(Hudson et al., 1979).
The pursuit of rationalism can be traced back at least to ancient
Greece when rationality and logic were seen as the highest attri-
butes of humanity (Lawrence, 2000). These ideals have pervaded
thought in western society ever since and became widespread in
the urban planning and public policy ﬁelds between 1890 and 1950
(Mukhtarov, 2008; Heinzerling et al., 2005).
In the early 20th century, it was common to apply purely rational
thinking to complex systems. For example, the US government
consistently used expert driven, science and economics based
methodologies to determine policy on issues such as air-pollution
regulation, and the creation of new dams (Heinzerling et al., 2005).
These processes involved putting a number of experts in a room to
attempt to objectively calculatewhat is best for society. These types of
government studies are typically referred to as “rational compre-
hensiveplanning”because they focusedonexpertsdoingquantitative
analysis on all relevant factors to determine the best options for
solving complex problems.
In the second half of the 20th century “rational” approaches to
planning became unpopular in urban planning and other areas of
public policy, which moved on to a more socially oriented planning
regime (Faludi, 1973). Infrastructure planning practices however did
not follow suit, and have remained largely rational, centralised,
expert-driven systems up until the present. In other words, from the
1950s onwards, urban planning and public policy went one direction
and became more socially and politically aware, and infrastructure
planning tended to remain in the old rational/technocratic paradigm.
This made sense until recently because infrastructure planning,
as practiced throughout history, had not been particularly complex
and generally involved independent, segregated planning for each
service and reactive upgrading as required (Mukheibir et al., 2014;
Closas et al., 2012). Therefore a purely rational approach to infra-
structure seemed suitable during that period (De Smit and Rade,
1980). The only signiﬁcant non-technical adjustment to infra-
structure planning over the last century has been the inclusion of
some level of community consultation.
From around 1950 onwards, problems associated with applyingLachlan Guthriethe rational planning tradition to urban planning and public policy
emerged. Increasing societal complexity and instability contributed
to increasing difﬁculty in applying rational planning to public
policy problems (De Smit and Rade, 1980). Critiques of rational
planning centred on the inaccuracy of outcome prediction, the
subjective nature of planning, and the unavoidable conﬂict among
personalities involved in planning. These critiques led to the
conclusion that rational planning is not applicable to complex so-
cial systems, and that the planning ﬁeld has incorrectly attempted
to represent something that is inherently political and subjective as
rational, objective, and scientiﬁc (Lane, 2001).
Charles Lindblom, famous “the science of muddling through”,
asserted that in many cases it was impossible for planners to design
an effective plan that in incorporates a detailed analysis of different
options due to lack of time, intellectual capacity, and information,
and that the ﬂuctuating nature of society would make sticking to
such a predetermined plan inappropriate (Lindblom, 1959).
Many authors now argue that urban and public policy planning
requires a “sociocratic” approach (Faludi andAltes,1997;Mignolli and
Nijkamp, 2006; Lindblom, 1959). Lichﬁeld (1975) described this shift
as a general reorientation of urban planning away from architecture
and engineering and toward economic, sociological, and political
considerations. Table 1 contrasts the main the differences between
rational/technocratic and the sociocratic planning styles.
Many different planning traditions have been proposed to solve
the problems associated with rational planning. These more
sociocratic traditions can be described under the names given by
Hudson et al. (1979) as incremental, transactive, advocacy, and
radical planning. Lane (2001) uses slightly different labels, but the
common thread across these alternative planning traditions is the
focus on ﬂexibility, decentralisation and community consultation,
and all are highly related to the notion of sociocratic planning
shown in Table 1.
Strategic planning (SP) emerged in the 1960s as a method to help
organisations achieve success (Mintzberg, 1994). Proponents argue
that SP, if done correctly, is quite different from the historical practice
of rational planning. It is argued that SP shouldnot be conducted in an
overly rational way because this diminishes an organisation's ability
to innovate and adapt (Lenz and Lyles,1985). One of the keyways that
SP differs from the rational tradition is that, when performed
correctly, it does not use a top-down approach, where the leaders of
anorganisation claim tohave all the answers, but rather sees strategic
planners as facilitators andcoordinators thatpiece together strategies
that are formedover timeandacross differentparts of anorganisation
(Mintzberg, 1994).
Infrastructure planning frameworks should take into consider-
ation the knowledge accrued in the ﬁeld of planning over the past
century. According to the considered literature, planning for complex
systems should be done in a way that recognises that (1) politicians
and the public inﬂuence planning, (2) planning processes are cyclical
rather than linear, and (3) planning decisions are inherently subjec-
tive and political, rather than objective and scientiﬁc.
4. Development of an innovative water infrastructure
planning framework
In the context of themore nuanced account of planning described
above, it is possible to apply this understanding towarddevelopingan
improved water infrastructure planning framework. This trans-
position of urban and public policy planning theory onto water
infrastructure planning is outlined in ﬁve subjections. First, a more
comprehensive explanation of the meaning and use of planning
frameworks is given using an example fromurbanplanning. Next, six
existing water infrastructure planning frameworks are compared
against each other to identify key concepts aswell as conceptual gaps, – PhD Thesis 37
Table 1
Rational/Technocratic vs. Sociocratic planning styles.
Rational/Technocratic planning Sociocratic planning
Planning subject Monolithic Coalition
Role experts Linchpin One out of many
Centralisation decisions Great Small
Plan as product Dominant Relative
Form of plan Blue print Indicative
Measure of effectiveness Conformance Performance
Scope Comprehensive Selective
Notion of rationality Absolute Contextual
Planning process Linear Cyclical
Source: adapted from Faludi and Altes (1997).
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the advice received from the water industry experts on how to
improve the draft framework. In the ﬁnal two subsections, the
ﬁnished framework is proposed, and its utility is explained.
4.1. Planning frameworks
This section provides details on the meaning and use of plan-
ning frameworks. Within the broad academic ﬁelds of planning/
urban planning, hundreds of papers and books are concerned with
the creation of planning frameworks to assist planners in navi-
gating the complex modern planning environment. One well-
regarded explanation of a planning framework is known as the
General Planning Process, which was developed through
comparing previous frameworks and consultation with experts.
The General Planning Process involves the following steps
(Lichﬁeld et al., 1975):
1. Preliminary recognition and deﬁnition of problems
2. Decision to act and deﬁnition of the planning task
3. Data collection analysis and forecasting
4. Determination of constraints and objectives
5. Formulation of operational criteria for design
6. Plan design
7. Testing of alternative plans
8. Plan evaluation
9. Decision-taking
10. Plan implementation
11. Review of planned developments through time
This process is an expansion of the rational planning steps and is
applicable to major urban plans that have set objectives, deliver-
ables, and timelines.
Two major points can be noted from Lichﬁeld's planning
framework. First, in 1975, the concept of community consultation
had not come to prominence yet and hence was not included;
second, Lichﬁeld identiﬁed a step referred to as “decision taking” to
include regulation and approval, which were understood at the
time as crucial steps because planners do not have ultimate au-
thority to make or implement decisions (Lichﬁeld et al., 1975).
Inhis laterworkLichﬁeld (1996) includes communityconsultation
and describes the groups that inﬂuence planning and the process by
which they do so, shown in Table 2. The success of planning is also
inﬂuenced by government policy that sets out the structure, com-
mitments, and jurisdiction of infrastructure-related departments
(Wilmoth, 2005). It is important to acknowledge thatplanners are not
the only group that inﬂuence planning outcomes.
4.2. Comparison of existing water infrastructure planning
frameworks
As a starting point for developing a new and innovative waterLachlan Guthrie –infrastructure planning framework, it is prudent to compare the
prevailing frameworks. This section explores planning frameworks
that are speciﬁcally related to water planning.
Over a two-year period, the researchers conducted an in-depth
and cumulative investigation into water infrastructure planning.
This discovery process identiﬁed embedded and stand-alone, plan-
ning frameworks, both Australian and international, within industry
reports, academic papers, and books. A set of six of these frameworks
was selected for detailed analysis within this research on the basis of
providing both industry-standard knowledge, as well as outlier
perspective. Each of these lists between four and nine steps for water
infrastructure planning, as summarised in Table 3.
Two of the frameworks are broad in scope, covering a range of
water planning issues rather than being speciﬁcally infrastructure
related. These are the World Bank framework and the framework
developed by the Water Services Association of Australia (2014).
The remaining four frameworks refer speciﬁcally to the planning of
water infrastructure. Two of these, Jeffcoat (2009) and Sapkota
(2013), are recorded in academic papers; the third, the CSIRO
framework, is part of a published book by a major research insti-
tution; and the fourth is an industry report by the US EPA.
The contents of these six frameworks were compared with each
other and against the ﬁndings of the planning review to identify
consistencies and reveal gaps. These ﬁndings are shown in Table 3,
with gaps marked as crosses.
The order of the steps, and the overall content of the process are
generally consistent across the ﬁve systems; however the number of
steps differs from four to nine. Interestingly none of the frameworks
mention cost-sharing and ﬁnancing, or regulation and approvals
both of which were thoroughly covered in the works of Lichﬁeld
(1975). Also, none of the documentation makes reference to any
planning theory or tradition, Lichﬁeld's general planning process, or
any other author's framework. In other words, none of the identiﬁed
frameworks acknowledge the existence of other frameworks or
make explicit comparison with competing theories.
Comparisons between existing frameworks were used to
develop a draft framework that could then be reﬁned through
consultation with water industry experts.
Several water planning frameworks were not included in this
comparison table. This includes the strategic planning process
developed by the SWITCH project (SWITCH, 2010), which was seen
to be too broad to be relevant to infrastructure planning, and other
water planning frameworks such as Speed (2013), which relates to
water allocation decision making but does not address the con-
struction of new infrastructure projects.
4.3. Draft framework and improvement through industry
consultation
Using Table 3 as a reference point, a set of seven planning com-
ponents were determined and then combined with “context” and
“outcomes” to make a draft planning framework with a total set of PhD Thesis 38
Table 2
Groups that inﬂuence planning.
The media Press, radio and television writers through comments in the media
Politicians Those who through elections or other power impose partisan ideologies on the decision-taking process
Planners Government personnel or consultants with personal or professional preferences, ethics, and ideologies
Members of the
community
Those who are affected by the plans, but only some of whom participate. This group affects planning through participation and reaction to
outcomes and media comments
Source: adapted from Lichﬁeld (1996).
C. Furlong et al. / Utilities Policy 38 (2016) 1e106nine components. This process was undertakenwhile being mindful
of the concepts identiﬁed from the review of planning theory. The
draft framework was reﬁned through consultation with water in-
dustry experts. The purpose of the consultations was to receive in-
dustry feedback on the content and structure of the draft framework.
Industry experts were consulted on the number, order, termi-
nology and also the concepts and meaning of each of the proposed
planning components. There were four major and consistent
themes that were brought up inmany of the industry consultations.
First, risk assessment, and objective setting methods were often
stressed, with many experts pointing out that these should be
considered, and reconsidered, throughout the decision making
process rather than in one speciﬁc phase. From these comments the
researchers decided to include both risk analysis and objective
setting within an “Integrated Project Management” overlay that
intertwines all of the “decision making” elements.
Second, regulatory and approval issues were discussed in the
context of projects that planners had recommended and advocated
for but where government regulators had for various reasons
decided against pursuing.
The third issue, raised in tandemwith the second, concerned cost-
sharing and ﬁnancing arrangements. Many stories were told of
infrastructure servicing strategies created at high cost, often byTable 3
Comparison of existing water infrastructure planning frameworks (X signiﬁes “not inclu
Combined distinct set World Bank CSIRO Jeffcoat et al. (2009)
Understanding
conditions and
deﬁning overall
approach
Engagement Convene key
stakeholder group
Deﬁne goals and obje
Convening and engaging
key stakeholder group
Agree on objectives
measures and criteria
Agree on
objectives,
measures and
criteria
Understand the broader
planning context
X X X
Data collection Assessment Understand
current system
Collect and analyse da
plan development
Option identiﬁcation Evaluate and select al
analysed during the p
Select models to perform
analysis
Assess system
performance
Select models to perfo
Development of scenarios Conduct impact asses
plan including stakeh
involvement
Option assessment and
selection
Financing and cost-
sharing of options
X X X
Regulation and approvals X X X
Implementation planning Participatory
planning
Implementation
planning
Develop implementat
results, and establish
framework
Implementation and
monitoring
Implementation
and monitoring
X
Sources (Left to right): authors' interpretation, Closas (2012), CSIRO (2010), Jeffcoat (200
Lachlan Guthrieprivate consultants, that were never implemented because planners
had not adequately considered who was going to pay for their
proposals.
The fourth major comment was that, due to the non-linear na-
ture of planning, it was impossible to accurately represent planning
with a chronological list. For this reason, we opted for a process
diagram that represents the non-chronological nature of the
planning process and the iterative interactions among components
as shown in Fig. 2 of the following section.
Additional comments on the planning framework were largely
terminological, or relating to methods, or concepts that should be
associated within each component. The terminology used for in-
dividual components evolved over time as industry experts were
consulted individually. The total number of steps did not change
between the draft and ﬁnal version of the framework.
4.4. Proposed planning framework and component interaction
The key concepts of the proposed planning framework are
explained in this sectionwith a basic explanation of how they could
be put into practice, as shown in Table 4. In our proposed process
framework, each step is attached to a fundamental description of
the concepts that should be considered within each step. Processded”).
Water Services
Association of
Australia
Sapkota et al. (2013) US EPA
ctives of the plan Deﬁne approach Understanding local
conditions and current
system
Problem deﬁnition
Establish speciﬁc
objectives
Development of
objectives and
criteriaSet evaluation criteria
Characterise X Characterising
existing and future
conditionsta to support Develop options Water supply servicing
options
ternatives to be
lan process
Selecting options
and alternatives
rm analysis Assess options Develop a systems
model
sment on the
older
Develop scenarios Evaluation of
alternativesModel scenarios
Evaluation of scenarios
Ranking of scenarios Selecting preferred
alternativePreferred scenarios and
their uncertainties
X X X
X X X
ion plan, monitor
institutional
Implement
options
X Deﬁning
implementation
strategy
Monitor evaluate
and review
X X
9), WSAA (2014), Sapkota (2013) and Rodrigo (2012).
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taking elements. Option selection is undertaken through an itera-
tive process between the decision analysts and decision takers.
As explained in the introduction, a more detailed explanation of
the proposed planning components is not attempted here because
implementing the framework will vary with context. Contextual
factors include location, objectives, resources, available data, number
of stakeholders, level of development, etc. We suggest it is not
necessary to justify the nine proposed components because they are
basedon fundamental anduniversal concepts. The only aspects of the
proposed framework that must be logically justiﬁed are the aspects
that differ fromprevailingwater infrastructure planning frameworks.
The proposed framework differs from the purely rational/tech-
nocratic tradition common to traditional water infrastructure
planning by delving into complexity in the following four ways.
First, in the tradition of Lichﬁeld (1975) the researchers have
separated “decision analysis”, which leads to planning recom-
mendations, from “decision taking”, in which authorities review
recommendations and give ﬁnal approvals. Outcomes are generally
produced through an iterative, back-and-forth process between the
responsible parties. Inclusion ensures that planners consider those
who will give ﬁnal approval of their recommendations. This is
important because water infrastructure planning recommenda-
tions are not always accepted by government regulators
(Melbourne Water, 2013).
Second, this framework ensures that cost-sharing arrangements
are considered before ﬁnal recommendations are made. According
to consulted experts, water infrastructure planning processes oc-
casionally recommend infrastructure plans and only afterwards
determine how the infrastructure will be funded.
Third, in accordance with Lichﬁeld (1996), the infrastructure
planning loop is closed by considering how the results of one plan or
project will affect future planning. This is accomplished by repre-
senting the planning process as cyclical rather than linear, which is
important because if a particular water project is perceived by gov-
ernment or the community as successful then future projects of the
same type may be perceived in a positive light and therefore will
receive more support. The reverse is also true for infrastructureFig. 2. Proposed water infrastru
Lachlan Guthrie –projects that are perceived as failures. If a planning process is con-
ducted in isolation frompast and futureplansandprojects, then these
potential legacy factors are not adequately considered.
The ﬁnal way that the proposed framework differs from a purely
rational planning tradition is by making explicit the potential in-
ﬂuence of government and community preferences before and
during the planning process. If, either through a structured or un-
structured process, planners attempt to account for what the gov-
ernment or the local community want at the time, this should be
explicitly documented. This step would encourage the water
management ﬁeld to take account of “whose interest is being
served, and whose voice is being heard,” a problem identiﬁed by
Mukhtarov (2008). At present, it is not uncommon for politicians to
give private directives to planners, which creates problems in terms
of a lack of transparency and accountability.
Fig. 2 depicts thewater infrastructure planning framework, listing
the planning steps and showing how they interact in a non-linear,
cyclical fashion.4.5. Utility of the proposed framework
4.5.1. The proposed framework has two functions
(1) to assist researchers and planners in gathering, recording,
and analysing information from previous planning processes, and
(2) to provide a broad conceptual approach future planning
processes.
The proposed framework is currently being used to record in-
formation on water infrastructure planning case studies from
across Australia as part of a collaborative program between RMIT
University and Water Research Australia with support from Mel-
bourne Water Corporation. We have used this experience to make
some preliminary conclusions. Thus far, the framework is proving
to be a useful and necessary tool within the broader research
program. Its functional purpose includes but is not limited to
organizing information on case studies, guiding case study in-
terviews based on the links between planning components,
providing a data recording template, and allowing for easy com-
parison between case studies of different types and scales.cture planning framework.
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Table 4
Proposed planning components (not chronological, interactions are shown in Fig. 2).
Planning component Description of process steps
Context Includes anything that precedes the planning process, including political, environmental, resources and economic
contexts, as well as preceding plans and strategies. The planning team needs to use all available sources to determine
the context within which they are operating.
Decision analysis Integrated project
management
Includes understanding the context, convening of key stakeholders, assessment of risk and setting of objectives. It is
important that these processes are conducted not at one point in the planning process but rather throughout the
entirety of operations by the planning team.
Community and
stakeholder engagement
Engagement of stakeholder organisations and community who are not directly involved in the planning team. There
are many different ways to go about this, and the level of engagement required varies drastically depending on the
planning context. However in any situation a stakeholder engagement plan should be created to determine what type
of engagement is appropriate.
Option identiﬁcation and
shortlisting
Identifying the initial list of options and how this was shortlisted prior to detailed analysis. It is important to begin
through brainstorming the broadest list of options possible. Asmany people as possible including staff throughout the
head organisation as well as stakeholders and community should be able to contribute to the initial list.
Technical evaluation Collection of data, modelling and analysis of data to provide any and all information which is deemed relevant for the
option selection stage. Types of data and modelling required will vary depending on the circumstances, however at a
minimum it can be assumed water balance and ﬁnancial modelling is required.
Decision analysis &
decision taking
Option selection The system through which information on options is ranked, scored, or graded in order to determine the preferred
option. Common option selection (a.k.a. decision support systems) include Cost Beneﬁt Analysis, Cost Efﬁciency
Analysis, Multi Criteria Assessment, Sustainability Indexes etc.
Decision taking Governance and
regulation
Planners do not generally have ultimate authority to make decisions, so during this stage the ﬁndings from the option
selection process should be discussed with internal management and external ﬁnancial, environmental and health
regulators.
Financing Cost-sharing and ﬁnancing arrangements should be considered for all viable options in order to ensure practicality
and acceptability of planning recommendations. This is a crucial element of planning, determining whowill be paying
for any selected options.
Outcomes and evaluation Anything that follows on from the determination of planning recommendations and approvals. Outcomes should be
recorded, and an evaluation of the planning process should be conducted in order to facilitate continual improvement
C. Furlong et al. / Utilities Policy 38 (2016) 1e108Several case studies have underlined the importance of recog-
nising that planners do not generally have ultimate authority to
make ﬁnal decisions, and the process through which “decision
taking” occurs is therefore crucial. This conﬁrms that the decision
taking issues of regulation and ﬁnancing play a major role in actual
planning outcomes, and should thus be considered both in the
planning framework for new infrastructure as well as the analysis
of previous planning processes.
The fact that this framework is proving useful for analysing
previous infrastructure planning processes lends weight to the fact
that it has utility for future planning processes. Although speciﬁc
planning methods will vary depending on circumstances and
context, the framework provides a comprehensive list of general
planning steps and the interactions among them in order to ensure
that planners do not miss out on crucial elements. For example use
of this framework may help ensure that planners consider cost-
sharing before recommending a preferred option. It may also
encourage planners to re-evaluate objectives and risks throughout
the planning process rather than only at one particular time.
Although this framework was intended for application to water
infrastructure planning, we believe it has broader functionality
with the water sector. In fact, during the course of our research, we
were contacted by government ofﬁcials about adapting the
framework to a wide variety of water planning issues, including
catchment management. Theoretically the proposed framework
may be applicable to other infrastructure-intensive ﬁelds, such as
transportation and electricity. Case studies from these ﬁelds would
be a potentially fruitful area for future research.
5. Discussion and conclusion
A number of water infrastructure planning frameworks
currently exist, but they include signiﬁcant conceptual gaps. We
suggest that these gaps in the prevailing water planning frame-
works may be partially due toweak linkages between the academic
ﬁelds of water management and urban planning/public policy.
Indeed, we ﬁnd that the water-infrastructure planning literature
generally makes no reference to these other disciplines.Lachlan GuthrieIn addition, even speciﬁc water-infrastructure planning frame-
works have a tendency to not reference other works. We found no
examples of comparing or building on previous frameworks. We
suggest that theseconceptual gapsarepartially due to the inconsistent
labelling used. More consistent use of “water infrastructure planning
framework”, as explained in the introduction, in the water utility
management literaturewould allowgreater cross fertilisation of ideas.
We addressed these issues through an analysis and comparison of
the existing body of knowledge on planning theory, urban planning
practice, and modern water infrastructure planning frameworks.
Findings from our review were combined with an extensive and
wide-spread industry consultation process in order to develop and
improve an innovative framework to more accurately model an
effective planning process, including the ordering of and interactions
among components. Compared to the prevailing frameworks, our
approach: (1) makes explicit the iterative process between decision
analysis and decision taking, (2) ensures that cost-sharing arrange-
ments are in place before ﬁnal recommendations are made, (3) con-
siders the effects of public and media perceptions about project
outcomes on future planning, and (4) makes explicit the impact of
government and community preferences on the planning process.
Ongoing research indicates the usefulness of the proposed
framework, which commends its use by others engaged in water-
infrastructure planning and analysis.
The major limitation of this research is that applied water infra-
structure planning frameworks are generally found in public-sector
reports rather than the academic literature, making them difﬁcult to
locate. Future research would beneﬁt from the inclusion of a wider
array of water infrastructure planning frameworks for comparison.
However taking into account time and resource constraints, we are
conﬁdent that our framework is well informed and adaptable to
water-infrastructure planning in a variety of modern contexts.
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Organisational
type
Organisations Description Number of experts
consulted
Academic Centre for Water Sensitive Cities, Institute of Sustainable Futures Academic institution working in an area related to
water planning
2
Bulk supplier Melbourne Water, South Australia Water, Water Corporation Manager of bulk water supplies and bulk sewerage
treatment
7
Government
body
Ofﬁce of Living Victoria, Metropolitan Planning Authority Government body in the area of water planning 3
Local
government
Ballarat City Council, Melbourne City Council Local government agencies that have responsibilities
relating to water
3
Private G&M Connellan Consultants, AECOM, Shaun Cox, Ross Young Private consultancies working in the area of water
planning
5
Retailer City West Water, South East Water, Western Water, Sydney Water, Yarra
Valley Water
Water retailer acting as a direct customer interface for
water and sewerage
14
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3 Understanding	IUWM	strategies	
In this chapter there are three sections, including one publication: 
 Methodology used to examine the case studies
 Case study summaries
 Industry Findings Report (publication 3)
Section 3.1 is the only standalone methodology of the entire thesis. This has been included for two 
reasons: (1) the case studies are the most important element of the thesis and therefore it is 
appropriate to have a detailed methodology, and (2) there is no methodology in this chapter’s 
publication. The case study summaries show the important elements of each of the case studies, for 
more detail please refer to appendices A 1–9. The Industry Findings Report (publication 3) is a 
summary of all the findings from the case studies as well as the findings from seven other IUWM 
project case studies. 
This chapter does not answer a specific research question but includes the case studies which were 
vital for the remainder of the thesis. 
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3.1 Methodology	used	to	examine	the	case	studies	
3.1.1 Summary	of	methodology	for	examining	the	case	studies	
In the past there has been a high degree of variation between planning processes used by different 
organisations and within organisations over time. Due to this lack of consistency between planning 
processes, and also a lack of research cataloguing and comparing the different processes that have 
been used, there is currently no universally accepted national guide to how IUWM strategy planning 
should be conducted. Moving towards consistency in the planning process will create greater 
transparency and accountability in the water sector (Productivity Commission, 2008). 
The main findings of this thesis were informed by a series of IUWM strategy case studies in which 
the planning processes used to create the strategy were analysed. The thesis must be able to assess 
the appropriateness of actions and processes used by planners, considering the context when 
creating an IUWM strategy. Therefore, nine in‐depth case studies were created to be analysed. 
To begin, the case studies needed to be selected from recent IUWM strategies completed in 
Australia. After selection the data for each of the case studies needed to be gathered before they 
could be analysed. The analysis took part in two stages: first, each of the case studies was assessed 
and analysed separately to form the findings for each case study; then all of the case studies were 
assessed with consideration of the findings of the others, which led to the findings outlined in the 
Industry Findings Report. Lastly, these findings were validated through consultation with water 
industry experts. 
3.1.1.1 Consultation	groups	
There were two important expert consultation groups that were called upon during the investigation 
of the case studies and the findings of the thesis, the industry contact list and the case study 
contacts. 
The industry contact list of water industry experts was created to assist in honing the focus of the 
research and to help identify which case studies would be suitable for analysis. This group included 
43 experts from water planning in Australia. After the industry contact list was used for the initial 
stages of the thesis they were also called upon to review and validate the findings of the draft 
Industry Findings Report. 
Secondly, each case study needed to have at least one contact that could be used to help complete 
the case study. This person was ideally the project manager of the strategy but could have been 
anyone heavily involved in its creation. Like the industry contact list the case study contacts were 
used at two stages, initially to help in the collection of documents and data, then to confirm the 
assessments made as part of the case study analysis. This contribution was made during a series of 
at least two interviews which were captured in meeting minutes. 
Figure 3.1 shows the stages of the research and where the two different consultation groups were 
used. 
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Figure 3.1 – Stage of the research, including where the consultation groups were 
engaged 
 
3.1.1.2 Case	study	structure	
An entire planning process can be encapsulated into the following planning components, put 
forward in chapter 2 of this thesis. These were used as categories in each of the case study reports. 
These categories were: 
 Context 
 Integrated project management 
 Stakeholder and community engagement 
 Option identification and shortlisting 
 Technical evaluation 
 Option selection 
 Governance and regulation 
 Financing 
 Outcomes 
3.1.1.3 Development	of	methodology	
The research methodology used in for this project is very similar to the basic research methodology 
proposed by Kumar & Phrommathed (2005). They suggest that the stages of a basic research plan 
are a literature survey, industrial survey, survey data analysis and research study propositions and 
verification. The examination of the case studies follows similar stages as it is a simple and clear way 
to complete the research. 
The literature review stage of this research project has taken the place of the literature survey as 
described by Kumar & Phrommathed (2005). The selection of case studies and the collection of case 
study information stages replace the described industrial survey. The analysis of case study 
information stage replaces the survey data analysis stage and the validate findings stage replaces the 
Selection of case 
studies 
Collection of case 
study information 
Analysis of case 
studies 
Validation of findings 
Case study contacts Industry contact list 
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research study propositions and verification stage. This thesis has included stages for research 
planning and dissemination of findings, which are crucial stages in the methodology. 
3.1.1.4 Development	of	industry	contact	list	
The industry contact list includes a distinct list of industry experts that were used for consultation at 
two stages of the research project. This list was created using sampling methods suggested by 
Baumgartner & Pahl‐Wostl (2013). The list began with consultation with existing industry contacts 
and then expanded from recommendations during each interview (snowball sampling). Sporadically, 
the researcher would review the list and see if there were any specific gaps, (e.g. an industry sector 
or organisation not represented) and seek contacts to fill these gaps (maximal variation sampling). 
Figure 3.2 – Baumgartner & Pahl-Wostl (2013) explaining how the industry contact list 
was created using both the snowball and maximal variation sampling methods 
3.1.1.5 Case	study	selection	and	criteria	
With the help of the industry contact list, IUWM strategies were first shortlisted then selected as 
case studies. In addition to using completed strategies as case studies, the planning of strategies that 
were never implemented or approved, were also considered, as long as the process reached the 
final stages of planning. If the strategy was ultimately rejected by the regulating body or person, it 
still made a valid case study as the planning components would have still been completed. 
The findings of the research will reflect the assessed case studies; therefore it is very important that 
appropriate and broad ranging case studies be selected. The case studies were assessed against 
several criteria to ensure that they would be appropriate. For a case study to be appropriate, the 
researcher needed to be able to find adequate information to complete the case study, as well as 
have an appropriate case study contact to interview. With these two criteria met, it was preferable 
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to have a broad range of cases studies. Factors that were considered to ensure a range of case 
studies were selected were: 
 geographical location – while most strategies were from Victoria, case studies from other
states were also sought
 scale and size – case studies can vary in size from local scale to regional scale
 intended outcomes – case studies varied in their intended outcomes, see chapter 4 for more
details
 lead organisations – case studies were selected from both water utilities and local
government.
3.1.1.6 Arranging	appropriate	case	study	contact	for	each	case	study	
In order to help with creating the case study a contact that was directly involved with the project or 
strategy needed to be designated as the case study contact. Ideally the project manager would be 
the contact, however, any team member involved in the strategy planning processes that was across 
all aspects of the strategy would be acceptable. 
The case study contact needed to be available to assist the researcher in gathering documents for 
the case study, such as reports and assessments completed during the planning process. The 
researcher then conducted an interview with the case study contact in order to fill in any gaps that 
could not be answered through the documentation. This in turn would be created into the draft case 
study reports which would be reviewed by the case study contacts to approve before the report was 
finalised. 
3.1.2 Collecting	case	study	information	
3.1.2.1 Case	study	data	collection	
Prior to collecting any of the case study data, it was important to understand all of the responses 
needed in order to complete a case study that could be compared with other case studies. To 
achieve this, a case study data collection sheet was created. The data collection sheet was used 
throughout the case study data collection phase. First, the researcher attempted to complete the 
sheet with the documents provided from the case study contact. Then interviews were conducted to 
fill in the gaps and find responses to all the questions that could not be answered by the 
documentation. 
During this stage confidentiality was considered a major issue. Each case study contact was asked if 
they would like the researcher to sign a confidentiality agreement, which were required for several 
case studies. Further, case study contacts were able to review the draft case studies and remove any 
information that they deemed to be confidential. 
3.1.2.2 Reviewing	documentation	
Prior to conducting the interviews with the case study contacts, it was important to review all the 
relevant and available documentation published or unpublished, on the particular case study. The 
case study contact was asked to provide the researcher with any relevant documentation that could 
assist in creating the case study report.  
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3.1.2.3 Consultation	interviews	
Following the review of the documentation I conducted interviews with the case study contacts. The 
intent of this interview was to understand gaps in information that could not be found through the 
documentation and to confirm information that was found in the documentation. This interview was 
semi‐structured, with questions revolving around the data collection sheet. Meeting minutes were 
taken during each of the interviews and approved by the case study contacts. 
3.1.2.4 Draft	case	study	reports	
Following the completion of the case study data collection sheet, all the data for each case study 
was collected. This information was presented as case study reports segregated into planning 
component headings. It is of great importance that the planning components for each case study 
were recorded in detail, in order to ensure that they were comparable with each other. 
At this stage the case study reports were only in draft format. Each case study still needed to be 
analysed to determine case study findings, and validated before the case study reports could be 
finalised. 
3.1.3 Analysing	case	study	information	to	determine	draft	findings	
Following the collection of the case study information and the completion of the draft case study 
reports, the data for each case study needed to be analysed with other case studies. This analysis 
formed the basis of the findings in the Industry Findings Report. First the case study reports were 
assessed to determine the initial case study findings, then these findings were verified by the case 
study contact, before being complied to find the overall findings. 
3.1.3.1 Analysing	draft	case	study	report	
With the information in the case study reports compartmentalised regarding each of the planning 
components, I was able to see correlations between the context, the processes used and the 
outcomes for each planning component of all the case studies. I used these correlations to see the 
differences and similarities between the case studies ad create findings about the interesting 
information.  
3.1.4 Verifying	draft	case	study	findings	
I needed to verify the findings for each case study before they could be approved for circulation. To 
complete this the case study contacts were asked to review and verifying the findings of their case 
study. This gave case study contacts an opportunity to remove any information that they considered 
to be sensitive as well as provide any further clarification if the findings were not entirely accurate. 
Following this step the appropriate changes were made to the case study reports and the case study 
reports were finalised. 
3.1.4.1 Developing	draft	research	findings	
Following the finalisation of the case study findings, the findings from each case study were 
compiled together to create a complete set of draft findings for the Industry Findings Report. These 
findings were then compared with the findings from the tandem research project looking into the 
planning surrounding built infrastructure assets to ensure that the research findings from both 
projects complimented one another without contradiction. 
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3.1.5 Validating	findings	
Validation of the research findings was completed through an iterative engagement process with the 
industry contact list. Following the writing of the draft findings report, it was circulated to the 
industry contact list, with each contact being asked to provide feedback in order to ensure the 
accuracy of the findings, however, suggested alterations were not necessarily accepted. Then the 
case studies were re‐analysed considering the comments from the industry experts. Often 
considered alterations were made to the findings, however, whether or not an alteration was made, 
all comments were discussed with the industry expert that made the comments. After this the 
Industry Findings Report was recirculated to the industry contact list for further comment. In all 
cases the findings were accepted at this stage. 
The alterations were completed and formed the finalised findings report, publication 4 of this thesis. 
3.1.6 Validation	of	the	methodology	
The methodology used in the examination and analysis of the case studies was a simplistic research 
method of literature review, data collection, data analysis and verification of findings. Using a simple 
method meant that on the whole the methodology did not necessarily need a validation process. 
This being said, in each of the initial industry contact list consultation meetings, the industry expert 
was asked to review and give comments on the draft version of the research methodology. All the 
recommended changes that were received during these meetings were recorded and alterations 
were made to the plan to be sent back to the industry contact list for approval. The majority of the 
alterations concerned the summary, background and general terminology changes which were not 
directly related to the methodology and the methodology was verified by the industry contact list.  
The methodology was further validated during a workshop at Melbourne Water, held on 
10/09/2014. During this workshop I sought guidance on the number, length, and detail of the case 
studies, and altered my methodology according to what would be most accessible for the industry. 
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3.2 Summary	of	case	studies	
All the case studies can be found in appendices A 1–9. This section features brief summaries of each 
case study in order to help the reader understand the context of the Industry Findings Report. 
3.2.1 Towards	a	Botanic	Colac	
Colac is a regional centre in Western Victoria, one of the larger cities or towns in the Colac Otway 
Shire. Colac was built on the Colac Lake and because of this the community has a strong connection 
to the water cycle and green open space. Currently Colac is home to 12,000 residents and as it grows 
the Shire does not want to change the character of the town and therefore any new development 
needs to have strong consideration given to leafy green areas, tree‐lined streets, and high‐quality 
waterways, all of which would improve and increase the liveability of the town. 
Towards a Botanic Colac was a high‐level master plan undertaken by Barwon Water and the Barwon 
Region Integrated Water Cycle Management Network to show council the benefits of implementing 
IUWM practices. This strategy would feed into the Shire’s wellbeing strategy and therefore needed 
to show the benefits of IUWM in a manner that would be most effective to the Shire, because of this 
the strategy looked into options in relatively low technical detail for all the water services in the 
150km2 project scope. If the IUWM benefits could be understood, Barwon Water would then be able 
to leverage the wellbeing strategy to implement IUWM changes into town. 
Figure 3.3 – Towards a Botanic Colac map of the project scope 
Considering that this strategy was to be fed into council, the most interesting and important 
elements concerned stakeholder engagement. In fact if it were not for the already strong 
relationship between Barwon Water and the Shire, this opportunity would not have been realised. 
The project team were able to create strong buy‐in from all stakeholders, in particular the Shire, by 
focusing early on aligning the visions of everyone in the room. To achieve this, during the first three 
workshops stakeholders were asked not to talk about different infrastructure options that they 
might like to see at the end of the plan and to only focus of their vision for Colac. This strategy was 
different from many other strategies because it was driven by the visions rather than driven by the 
solutions. 
The intention of the strategy was not to develop an IUWM action plan, as is seen in many other 
strategies, but to raise awareness of the potential benefits of IUWM amongst the decision makers, in 
particular the shire. Barwon Water believed that IUWM could become an important contributor to 
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the liveability and resilience of the urban landscape of towns throughout Western Victoria and 
wanted to showcase that in this strategy. Barwon Water conceptualised different IUWM scenarios to 
communicate to the Shire and strongly believe that the Colac 2050 master plan, which was prepared 
shortly after this strategy, would not have included water cycle elements as key features had it not 
been for this approach. The cooperative approach used by Barwon Water was able to demonstrate 
the future social, environmental, and financial benefits of implementing IUWM principles. 
As mentioned before, the assessment and recommendations of infrastructure options was not the 
main focus of the strategy, but some implementation planning was included. Options were 
presented as new or upgraded pieces of infrastructure, or maintenance and rehabilitation programs. 
After the options were recommended there was some implementation planning that was completed 
by agreeing which stakeholders would be responsible for which options, but this planning was only 
surface level. 
3.2.2 Review	of	IWCM	options	for	Fyansford	
Fyansford is a small rural community situated close to where the Moorabool River joins the Barwon 
River, to the west of Geelong, the second largest city in Victoria. Geelong is expected to grow by 36% 
over the next 20 years, an increase of 90,000 people, and Fyansford will be developed into a new 
suburb to accommodate some of that growth. Currently it is a very rural area but in the coming 
years will be completely transformed into a large peri‐urban precinct covering a range of land uses 
and containing about 1,100 new houses or about 3,000 residents. 
Fyansford essentially has no existing infrastructure that will be able to meet the needs of the 
incoming community, therefore all new infrastructure will have to be built, so this strategy 
investigated all water services in the 3km2 development. As the development sits near the two 
rivers, one of which is Geelong’s main water course, protecting waterways was an important part of 
this strategy. The City of Greater Geelong wanted protection of the waterways as a major 
consideration of the strategy and therefore open spaces were an essential inclusion in the 
infrastructure considerations. 
A very interesting aspect of this strategy was that because the planning overlay had already been 
completed, the water authority had very little authority to implement anything. This meant that to 
develop the strategy the water authority needed to work closely with the developers to influence 
and persuade them that implementing IWM projects would be beneficial to their development. 
Because of this constraint the planning team created an innovative and comprehensive collaborative 
planning approach to work with the developers, building the strategy around the needs of the 
developers. This meant a much broader suite of water‐related aspects needed consideration, 
compared with the often transactional approach pursued by water authorities. Barwon Water 
created a number of different scenarios to visually show developers what their developments would 
look like if they were to use different IUWM principles, allowing developers to envisage if they would 
be able to increase the price for each lot and collect a greater return. The decision making matrix 
used in this strategy is quite innovative and should be replicated in future similar circumstances.  
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Figure 3.4 – Location of Fyansford 
Barwon Water believes that the reason this strategy was so successful is because, like Towards a 
Botanic Colac, they focused on the needs of the stakeholders. By bringing everyone to the same 
table they were able to create a strategy that met each stakeholder’s needs and was considerably 
cheaper than other strategies because it did not require expensive analysis which would be 
completed by consultants. 
3.2.3 Total	Watermark	–	City	as	a	Catchment	
The City of Melbourne in the local government agency that covers central Melbourne, including the 
Central Business District (CBD). The City is responsible for some of the street level drains but their 
major involvement in the water sector is to provide the irrigation for their 10,000 trees and many 
parks throughout central Melbourne. Most of the water used by the City for irrigating the parklands 
comes from the potable water network, therefore a much higher standard (and cost) than is actually 
required. For these reasons one of the key goals for Total Watermark was to reduce the City’s 
reliance on the potable water network while maintaining the health of their trees. 
Total Watermark is the name that the City of Melbourne gives to its reiterative IUWM strategy and 
was also completed in 2004 and 2009 before this version of the strategy was produced in 2014. All of 
these strategies follow the same general process – creating objectives and suggesting a range of 
targets in line with the objectives, without going into much of the detailed technical analysis which 
will happen through another process. 
The strategy covers the entire 36km2 of the City’s region, mainly investigating drainage and 
alternative water supplies. As the City covers the main commercial region for the entire greater 
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Melbourne area it has a very transient population – it has 122,000 residents compared with the 
732,000 that come into the CBD for work each day. This strategy was a purely internal strategy and 
therefore did not complete much stakeholder engagement. This context offers both constraints and 
opportunities for this strategy to investigate. 
 
Figure 3.5 – Map of the City of Melbourne 
 
The 2014 version of this strategy captured many of the learnings of the previous two strategies and 
highlights the importance of knowing the intended outcomes of a strategy. The 2009 strategy also 
set out to create targets, but then went on to recommend infrastructure options to meet those 
targets. Because those options were outside the scope of the strategy, they were not fully 
investigated and the City had difficulty implementing all the projects to budget. This highlights the 
importance of understanding that different strategies should be completed to achieve different 
outcomes, not all strategies need to end with suite of projects to implement, and that in fact, 
depending on the circumstances, such a list may be detrimental. 
3.2.4 Footscray	Activities	Area	IWM	Investigation	
Footscray is an inner western suburb of Melbourne, which traditionally has been home to large 
industry with many factories and warehouses throughout the suburb. As Melbourne grows, inner 
suburbs are becoming more gentrified as they become desirable locations to live so close to the city. 
To provide direction for the new growth in Footscray the Victorian state government started the 
Footscray Renewal Initiative which will support Footscray to increase commercial and residential 
development and move away from its industrial past. 
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The heart of this initiative is the creation of the Footscray Activities Area (FAA), a 2km2 site in central 
Footscray. The government was investigating what local and state government should do to develop 
this area into a new retail centre with 13,000 residents. To input into the broader FAA plan, City 
West Water (CWW) needed to investigate the IUWM options that were present in Footscray. The 
case study focuses on the CWW strategy that aims to improve the sustainability and community 
outcomes of the broader plan by focusing on IUWM. 
Figure 3.6 – Map of the Footscray Activities Area 
The most interesting part of the strategy was that it was highly technical, with little resources spent 
on creating objectives or working with stakeholders. The strategy used one multi‐criteria assessment 
to shortlist options and another more detailed one to select the recommendations. One thing that 
became apparent was that while using two levels of MCAs has benefits, the two were created to 
meet different outcomes and therefore lacked a logical coherence. Further, the technical modelling 
was found to have inconsistencies which were not picked up until they were reviewed as part of this 
research. These issues show the importance of clear objectives and oversight in highly technical 
strategies to ensure that objectives are reflected through the entire strategy. 
3.2.5 SA	Water’s	Long	Term	Plan	for	the	Eyre	Region	
The Eyre Region covers a large area in southern central South Australia mainly covered by the Eyre 
Peninsula. The region is 170,000 km2 and is home to 58,000 residents. While there is a substantial 
amount of mining in the region, most of the economic activity comes from agriculture, meaning the 
water resources play an important role in the region. In 2007, during a very long drought, the state 
government convened the Eyre Region Water Summit to discuss the best way forward for the 
region’s water resources. This strategy is the outcome of one of the main recommendations of the 
Summit. 
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The objectives of this strategy were discussed and agreed upon at the Summit, therefore this 
strategy was scoped to assess and recommend water supply infrastructure to drought‐proof the 
region. The strategy also included a large consideration of engaging with the community but there 
were not many other stakeholder organisations in the region so there was not much stakeholder 
consultation. 
 
Figure 3.7 – Eyre Region Location Map 
 
Apart from providing water security, the main objective of this strategy was to engage with the 
community in how the water authority would supply their water. The planning team did a large 
amount of community engagement, compared to other strategies, and seemingly developed a 
strong understanding of community opinions in regard to water supply. However, the acceptability 
to the community was only weighted a total of 1% in the multi‐criteria assessment, resulting in a 
project that was unacceptable to the community being part of the recommendations. 
While the strategy was accepted and approved by the South Australian Minister for Water, none of 
the recommendations have been proceeded with, in part because that drought broke. However, one 
would expect that they would be very difficult to implement if they were ever needed because there 
is little community support for the projects and the relationship between the utility and the 
community has been strained. 
3.2.6 Water	Initiatives	for	2050	
South East Water (SEW) is the water authority for the Eastern and South Eastern areas of 
Melbourne. They are the water retailer that has the biggest region of all the metropolitan retailers. 
There are many different land uses in the region, with high density areas close to Melbourne’s 
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centre, many suburbs of single storey residential housing, and peri‐urban and rural areas on 
Melbourne’s outskirts. This strategy covers all the water services in the entire region that SEW looks 
after – it is 3,600km2, is home to 1.5 M residents, and includes 15 local government agencies. 
Because the area is so large the planning team divided the region into seven different zones. Each 
zone had its own separate steering group which included councils from that zone and other 
stakeholders. Each zone also created its own objectives and ran through its own infrastructure 
options. 
Figure 3.8 – Map of South East Water’s Region 
Because the strategy area was broken into different zones it made the strategy much easier to 
manage, essentially being seven smaller strategies than one big one, but each following the same set 
of procedures. This divided process meant that each council had an important impact in the strategy, 
giving the councils greater ownership of the outcomes. Further, there were significant resources 
spent on engaging with all the stakeholders, in particular councils, ensuring that information was 
provided in a way that could be easily understood. 
Towards the end of the process it was recognised that this strategy was too large for the water 
utility, as many of the options would be considered the responsibility of the state government and it 
was never approved by the SEW board. However, the main benefit of this strategy was the improved 
relationships between the water utility and stakeholders, and also between other stakeholders. This 
process was held as best practice for a number of years and informed future strategy creation 
processes. 
3.2.7 Water	Forever	South	West	
Water Corporation is the water authority covering Western Australia, and recently has completed 
many servicing strategies for each of the regions in the state. The South West region is the region on 
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the South West tip of the state and this case study focused on the servicing strategy Water 
Corporation create for this region. The region is 24,000 km2 and is home to 75,000 residents.  
Due to the regulatory structure of Water Corporation they are more closely monitored by the state 
government than other states. This has resulted in less opportunity for Water Corporation to 
implement IUWM principles as it is outside of its mandate. This means that this case study has only 
looked into water supply and alternative water. 
As this strategy covers a large area, Water Corporation divided it into five zones according to existing 
water schemes. In total there are 31 water schemes in the region. Each zone considered options 
separate to the others in order to meet the supply needs outlined in a water balance. 
 
Figure 3.9 – Map of the South West Region 
 
This strategy focused heavily on community engagement with most towns in the region receiving an 
information session. Communication was tailored to the needs of the community and figures and 
diagrams were created in such a way that the community could understand them without needing a 
technical background. After these engagement sessions, feedback from the community was tabled 
and, in some cases, incorporated into the strategy. For all feedback that was collected, the 
community was told what impact it had on the strategy and if the feedback was not incorporated, it 
was explained why. This showed the community that Water Corporation was very genuine in their 
attempt to engage with the community and resulted in a strengthened relationship between the 
water authority and the community. 
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Another interesting approach the strategy used was that projects were not scheduled for the years 
inside the scope of the strategy but triggering plans were organised according to demand side 
triggering points of a water budget. This meant that there was no wasted infrastructure built prior to 
being needed as is sometimes seen in the eastern states. 
3.2.8 Western	Water’s	Recycled	Water	Strategy	
Western Water is the water authority for the peri‐urban area to the north west of Melbourne. 
Western Water receive a portion of their potable water supply from Melbourne, however it is 
relatively expensive compared with local sources. Western Water also operate several wastewater 
treatment plants, each producing recycled water to various qualities that can be used for a range of 
uses. The region is 3,000 km2 and is home to 154,000 residents. 
Prior to this strategy Western Water set a target of reusing 100% of the recycled water produced by 
their wastewater treatment plants. This strategy recommends infrastructure options, most often 
schemes piping water to either residential or agricultural customers, which will be further assessed 
through later planning processes.  
Figure 3.10 – Western Water’s Region Location Map 
The region was split into nine zones, each featuring a single wastewater treatment plant and 
sewerage scheme. There was a water balance created for each zone so the planning team were able 
to calculate the volume of water that would need to be supplied to customers in order to meet the 
100% reuse target.  
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The methods for deciding which projects to include in the recommendations were fairly simplistic, 
largely the main decision making factor was only if Western Water could recover their cost of 
building the infrastructure of the scheme. In this sense it was largely an internal strategy with only 
customers and regulators needing to be consulted with regarding individual pieces of infrastructure. 
This is interesting as it shows how the creation of targets makes planning processes easier, as the 
planning team only needs to meet them, rather than achieving best community outcomes as is the 
case in most other IUWM strategies. However, this method raises questions about whether or not 
each piece of infrastructure is in the best interest of the community as it was not the target of the 
strategy. 
3.2.9 Northern	Growth	Area	IWCM	Plan	
With Melbourne expected to grow to 5 M people by 2030 the state government expanded 
Melbourne’s Urban Growth Boundary to accommodate the population increase. One of these 
expansions was to the north of greater Melbourne and was therefore called the Northern Growth 
Area (NGA) which is expected to eventually be home to 380,000 people and covers 163km2. 
Yarra Valley Water (YVW) is the water retailer responsible for the region. This strategy investigated 
the best ways to service the new community. It looked into all water services and viewed the area as 
a blank slate because they were not constrained by existing infrastructure. The options that were 
investigated were each presented in the form of household water balances, an innovative way to 
present different infrastructure. This method showed the impacts to each household, both in terms 
of costs and for a range of other things like nutrient production resulting in impacts to the 
waterways. 
Figure 3.11 – Map of the Northern Growth Area 
The strategy initially focused heavily on engaging with stakeholders and began with a large 
stakeholder meeting where objectives were laid out and initial options discussed. While there were 
many stakeholders at the table there was no one representing the developers, who would ultimately 
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be responsible for most of the infrastructure to go into the NGA. After this initial meeting the 
stakeholders were not engaged until they were asked to provide comments on the draft strategy, 
which many believed to be different to what was initially discussed. This meant that the 
recommendations were challenged by the other stakeholders and eventually the strategy was 
absorbed into another larger IUWM strategy without ever being approved. 
This strategy shows the importance of holistically engaging with stakeholders. It is important to have 
the most influential and the most impacted stakeholders involved in early discussions for the 
strategy to be successful. Further it shows how important it is to engage with stakeholders at 
multiple stages and following up to make the impact of that engagement clear. 
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EXECUTIVE SUMMARY 
Over the past three years researchers at RMIT University have been investigating Integrated Urban 
Water Management (IUWM) practices in Melbourne. This industry report summarises the findings 
from nine water servicing strategy case studies, and seven recycled water and stormwater harvesting 
project planning case studies. Case studies have been selected in collaboration with Australian water 
industry partners, and have been investigated through a series of interviews with relevant experts. 
These case studies have been analysed in order to determine recommendations for future strategy 
and project planning processes.  
Creating IUWM strategies is a very complex task. The traditional method of creating segregated 
infrastructure strategies for each water service and organisation is far simpler and easier. However in 
many cases traditional strategy methods may no longer be appropriate for achieving organisational 
objectives. It is increasingly believed that IUWM strategies unlock a broader array of options which 
can increase system reliability, community liveability and ecosystem protection.  
IUWM strategies are used to achieve a variety of outcomes. Two of the nine strategy case studies 
focused on setting an agreed vision and objectives for water services in their target region. Five 
attempted to recommend portfolios of options that would provide best community outcomes. The 
remaining two attempted both of these functions. 
The strategy case studies have led to 21 recommendations separated into six topics: general strategy 
findings, engagement, technical evaluation, responsibility apportionment, option selection, and 
implementation planning. The case studies have shown that it is important to consider desired 
outcomes when deciding which strategy processes to use. Engagement should begin with the 
alignment of visions, and discussion of “why” the strategy is being done, rather than moving straight 
onto practical solutions. Prior to conducting technical evaluation it is important to have a strong 
understanding of local context and that stakeholder input is sought. Apportioning costs and 
responsibilities between stakeholders is essential during a strategy, particularly when developers are 
involved. Option selection processes can be improved by including the use of multiple tiers, 
baselining, and community value ratios. Finally, using trigger points in an implementation plan 
mitigates the risks associated with uncertainty around growth and climate. 
Although IUWM strategies often lead to recommendations for IUWM projects, not all IUWM projects 
are identified in this way. Three of the seven case studies selected for this research were proposed by 
IUWM strategies. The other four were proposed because the lead organisations were looking for the 
best opportunity to implement alternative water projects anywhere within their jurisdiction, not as part 
of a location specific strategy. The current research is original in the sense that the researchers have 
included a number of project case studies which have not been constructed, although all reached at 
least the level of business case development. Three of the case studies have been constructed. Out 
of the four which have not been constructed, three have been put on hold for various reasons, and 
one has been cancelled due to cost increases. 
18 recommendations have been determined through the investigation of project case studies and 
have been grouped into five topics: project management, financial evaluation, consideration of risk in 
decision making, funding sources, and regulation and approvals. Project management has been 
interesting in terms of organisational capabilities, stakeholder interactions, and contractual interfaces. 
Financial evaluation in the case studies has shown how drastically accounting assumptions can 
distort project viability, and that more consistency is needed in indirect benefit calculations. 
Associated risks have generally been successfully identified, but then not fully considered in decision 
making. Almost all of the projects have required external funding to be viable, and so if these projects 
are to continue into the future a beneficiary-pays model is required. The existing regulatory and 
approval mechanisms can further be improved through encouraging participation from stakeholders. 
The authors suggest that an Infrastructure Funders’ Forum should be set up to function as a peer-
review process that provides formal advice on both IUWM strategies and projects. This formal advice 
could then be considered by all parties before final decisions are made by the various authorities and 
regulators. 
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Figure 1 – Visualisation of executive summary  
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COMPLETE LIST OF RECOMMENDATIONS 
Strategy recommendations 
General strategy findings 
1. When deciding which strategy processes to use, it is important to consider the desired
outcomes. Strategies that are intended to set high level objectives require less technical detail
than those that are created to recommend specific projects.
2. When considering localised issues, strategies should be broken into smaller subregions, and
engagement for each of these needs to be specifically targeted to local interests.
3. A more participatory process is required in situations where water utilities do not have full
authority to implement recommendations. The process used in the Fyansford strategy is
appropriate when attempting to influence developers.
4. All targets, aside from basic water service standards, should be flexible. Targets should be
able to be altered if a later planning process determines that meeting the target will not result
in best community outcomes.
5. When planning and evaluating a strategy it should be realised that there are a variety of
benefits that can be realised other than the implementation of recommendations.
Engagement 
6. Working relationships between stakeholders should be built, maintained and used often to
keep communication channels open. These communication channels unlock potential
opportunities for IUWM.
7. Stakeholder engagement should begin with the alignment of visions, and discussion of “why”
the strategy is being done, rather than moving straight onto practical solutions.
8. Strategy creators should ensure that they “close the engagement loop” by letting all involved
stakeholders know how their input has impacted on the strategy. This prevents the perception
of disingenuous engagement.
9. In some situations financial contributions into strategies can increase stakeholder buy-in.
10. Effective engagement involves asking the right stakeholders the right questions at the right
times. This often requires multiple stages of engagement, with different methods at each
stage to target stakeholders with different technical literacy and interests.
Technical Evaluation 
11. The level of technical detail required for a strategy depends on its intended outcomes and
stakeholders. Often it is more appropriate to have strategies that are relatively low in technical
detail.
12. There are a number of steps that need to be conducted before technical evaluation is begun,
such as: understanding local context and allowing stakeholders to provide input.
Responsibility Apportionment 
13. It is important to apportion strategy implementation responsibilities between stakeholders
during the strategy. This is especially important when private companies, like developers, are
involved.
14. Stakeholder responsibility mapping should be conducted early in the strategy process to
avoid later difficulties with approvals and implementation.
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Option Selection 
15. Future MCA weightings should be strongly focused on reflecting the goals, values, and
objectives of a strategy.
16. The highest scoring option in an option selection process should form the basis of the
strategy recommendations, whether it is “integrated” or not.
17. When using two phases of multi criteria assessment, it is important to have two tiers of criteria
(primary and secondary). The primary criteria should remain the same for both phases, while
the secondary criteria are adapted.
18. MCAs require baselines to rate options logically and consistently across criteria.
19. Dividing the MCA score by a value that represents a key objective gives planners the ability to
compare small and large scale options.
Implementation planning 
20. Using trigger points in an implementation plan mitigates the risks associated with being
locked into a documented schedule which is based on potentially inaccurate growth and
climate estimates.
21. An implementation plan should only be included in a strategy if it has been thoroughly
deliberated on and determined that there is a strong likelihood of implementation.
Project recommendations 
Project management 
1. IUWM projects should ideally be planned by organisations with adequate experience. The
public water sector should have a discussion about what role they should play in providing
project management support to less experienced organisations.
2. During the project conception stage it is important to have open and honest discussion
between all relevant parties in regards to what each is prepared to accept. This discussion
should include representatives with adequate decision making authority.
3. Project managers need to carefully consider any possible physical or contractual interfaces,
particularly in relation to treatment plant construction. In many cases water utilities now prefer
to have a single contractual interface for design and construction.
Financial evaluation of projects 
4. It is important that Melbourne’s water industry be consistent with basic accounting
assumptions such as time periods, discount rates, and potable water price projections, in
order to enable comparison of projects.
5. For multi-stage projects there may be a benefit derived from including a financial assessment
each stage in the business case, in order to determine what impact the non-implementation of
later stages would have.
6. Only reuse schemes for customers with steady demands are justified in using maximum
usage volumes in their indirect benefit calculations. Agricultural reuse schemes should use a
realistic long term average volume in their calculations.
7. There are relatively simple ways of calculating indirect benefits from IUWM projects, however
these methods require some level of consistency in order to allow fair comparison of projects.
8. Wherever possible it is preferable to carefully consider project finances on both a total
community cost perspective, and an organisational perspective.
Considering risk and uncertainty in decision making 
9. Development estimates should be “taken with a grain of salt” and where possible project
implementation should be triggered by urban development milestones.
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10. A number of other stormwater to potable schemes are currently being planned and so it is 
important that the planners involved be proactive in determining the sentiment of the 
community and the Department of Health. 
11. Risks should be taken seriously in option selection, and decision making processes. It may be 
appropriate to discontinue the planning of projects which have multiple likely risks which 
cannot be mitigated. 
Funding sources for projects 
12. Government grants for reuse projects are likely to become less common in the future, and so 
if reuse projects are to continue the water industry need to shift towards a combination of a 
beneficiary-pays and polluter-pays model. 
13. Allow private schemes to apply for consideration and funding as part of a beneficiary-pays 
approach. 
14. If government grants for reuse projects in urban development areas are to continue then they 
should be designed to have as much time-flexibility as possible. 
15. It is important to continue to utilise take-or-pay contracts in irrigation reuse schemes. 
Regulation, approvals and governance 
16. It is important that relationships and communication channels between water authorities and 
regulators are maximised in order to achieve positive results. 
17. It is important to continue the practice of discontinuing projects when project circumstances 
become more negative. 
18. There should be an entity in Victoria tasked with regulating private water schemes to ensure 
they are financially sustainable. In NSW the pricing regulator IPART fulfils this function under 
the Water Industry Competition Act. 
Infrastructure Funders Forum 
The authors propose that an “Infrastructure Funders’ Forum” with representation from all relevant 
water authorities and regulators, and intermittent attendance from LGA representatives and private 
organisations, be created as a solution to all of these problems. This could be used to provide: 
1. Effective communication between water authorities, regulators, and local government 
2. Peer-review of decision making processes to ensure consistency and quality, including: 
a. Community and stakeholder engagement 
b. Risk assessment and management 
c. Technical evaluations and modelling 
d. Financial evaluation (including indirect benefits) 
e. Option selection and justification 
3. Governance of a beneficiary-pays cost apportionment system 
4. Ensuring organisations have the capability to proceed with proposed projects, and that the 
projects themselves are sustainable and provide a net community benefit 
5. Comparison and prioritisation of projects across the whole system 
 
Figure 2 – Proposed process for an Infrastructure Funders Forum 
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1 INTRODUCTION 
1.1 Integrated Urban Water Management 
Urban water management is typically used to describe the provision of water supply, sewerage and 
drainage services. Traditionally the planning, construction, and operations of each of these services 
has been done separately, without an integrated view of the whole urban water system. These 
functions are performed by a variety of government departments as well as public and private water 
utilities. 
Water systems across the world increasingly face a variety of stresses such as population growth, 
climate change, and environmental degradation. These stresses are resulting in a number of 
problems in urban areas such as water shortages, floods, and degraded waterways. Many experts 
believe that these problems can be alleviated through a more integrated water management approach 
which considers the interactions between water supply, sewerage and drainage systems. 
Since the mid-20
th
 century the concept of integration has become increasingly popular in all water
sectors, starting with a river basin scale approach, and more recently in relation to urban 
infrastructure. In an urban context integrated approaches are often referred to as Integrated Urban 
Water Management (IUWM). In Australia the concept of IUWM is closely associated with recycled 
water and stormwater harvesting, because these involve the integration of multiple water services. 
In many cases water infrastructure decision making processes are repeated in two major phases: 
strategy development and project planning. Water infrastructure strategies determine how best to 
provide water services to an area at lowest community cost, and often put forward a list of potential 
future infrastructure projects. When the time comes to consider the implementation of a project, 
another planning process is triggered which involves putting together a detailed project plan and 
business case. 
Figure 3 - Delineation between strategy and project planning 
This research relates to the creation of integrated strategies, which we refer to as IUWM strategies, 
and both recycled water and stormwater harvesting projects, which we refer to as IUWM projects. 
1.2 Melbourne context 
Urban water management in Melbourne has gone through a number of phases. From the 1890s 
Melbourne’s water services were provided by a centralised and monolithic utility entitled the 
Melbourne and Metropolitan Board of Works (MMBW).  
In the 1970s and 80s the public’s attention was focused on environmental degradation of local 
waterways and Port Philip Bay. This continued until the early 1990s when the focus of the water 
sector in Melbourne shifted towards cost-efficiency.  
At this time MMBW was corporatised and split up into Melbourne Water, a water and sewerage 
services bulk supplier and waterway custodian, and three water and sewerage retailers that form the 
interface with customers. In addition to these, approximately 30 Local Government Areas provide 
Assessment of potential 
solutions to achieve best 
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Project plan 
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Projects
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localised drainage services, and the whole system is overseen by a number of government 
departments and regulators. 
From 1997 until 2010 Melbourne suffered from the millennium drought. Necessary water restrictions 
during this period caused significant social and liveability damage, with many of Melbourne’s iconic 
green parks turning markedly brown, and sporting grounds becoming unusable.  
The devastating impacts of the drought led to a policy window where vast funding sources were 
available for alternative water source projects in order to ensure water security. Projects included 
Australia’s largest desalination plant and a number of wastewater recycling and stormwater 
harvesting schemes. Melbourne has since surpassed a 20% recycling target, and installed over 100 
stormwater harvesting schemes. 
IUWM strategies have been gradually mainstreamed since 2008 due to the combination of 
environmental concerns, large numbers of stakeholders, and need to consider a variety of water 
sources. 
1.3 Improving planning processes for IUWM infrastructure 
Over the past three years researchers at RMIT University have been investigating Integrated Urban 
Water Management (IUWM) practices in Melbourne, with support from Water Research Australia. 
This industry report summarises the findings from nine water servicing strategy, and seven recycled 
water (RW) and stormwater harvesting (SWH) project planning case studies.  
Case studies were selected in collaboration with Australian water industry partners, and have been 
investigated through a series of interviews with relevant experts – generally the project manager. 
These case studies have been analysed to determine recommendations for future strategy and 
project planning processes. It should be noted that this report is not a comprehensive planning 
manual, and only features processes which were of interest to the specified case study narratives. 
Table 1 – Case studies utilised in research program found in appendices (A1 - B7) 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
(A1) Towards a Botanic Colac 
 (A2) Review of IWCM options for Fyansford 
City of 
Melbourne 
(A3) Total Watermark (B1) Fitzroy Gardens SWH project 
City West 
Water 
(A4) Footscray IWM Investigation (B2) Altona RW Project Stage 2 
Private 
 
(B3) Coldstream RW project 
SA Water 
(A5) SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
(A6) Water Initiatives for 2050 (B4) Boneo RW Project 
Water 
Corporation 
(A7) Water Forever South West 
 
Western Water (A8) Recycled Water Strategy (B5) Toolern SWH project 
Yarra Valley 
Water 
(A9) Northern Growth Area IWCM Plan 
(B6) Coburg SWH project 
(B7) Kalkallo SWH project 
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2. CASE STUDY FINDINGS
This section will give a summary of the findings and recommendations determined from the case 
studies listed in Table 1. Findings from the strategies and projects have been presented separately to 
clearly contrast various approaches and outcomes. Strategy and project findings have then been 
grouped into semi-chronological “topics” to express a coherent story. However it should be noted that 
this list only includes the key findings which have influenced strategy outcomes, as many processes 
are not covered.  
Each topic is separated into subtopics which contain evidence from one or more case studies, a brief 
discussion and a recommendation. 
Figure 4 – Structure for each subtopic 
2.1 Strategy findings 
Creating IUWM strategies is a very complex task. It can be categorically stated that the traditional 
method of creating segregated infrastructure strategies for each water service and organisation is far 
simpler and easier. However depending on the local context of the area that is being planned for, 
traditional strategy methods may no longer be appropriate for achieving organisational objectives. It is 
increasingly believed that IUWM strategies unlock a broader array of options which can increase 
system reliability, community liveability and ecosystem protection.  
The authors have included two traditional water supply strategies as case studies in this research, 
one from Western Australia, and one from South Australia (Appendix A5 and A7), to give some 
insights into the difference between traditional and integrated approaches. These case studies have 
highlighted the relative simplicity of the traditional segregated strategy approach. Processes used in 
these case studies would not be appropriate in the Victorian context where IUWM principles are 
included into organisational directives, and there are larger numbers of relevant stakeholder 
organisations. 
Table 2 shows summary information for the strategy case studies. 
2.1.1 General strategy findings 
From the considered IUWM strategies it has been clearly shown that there is no one-size-fits-all 
process which is appropriate to all situations. The strategy case studies show that (i) IUWM strategies 
have a variety of desired outcomes, and each requires a different process; (ii) strategies which cover 
a large area should consider dividing into subregions and targeting processes to each; (iii) different 
processes are required when authority sits with external stakeholders; (iv) predetermined targets 
should be flexible; and (v) strategies provide a spread of benefits aside from implementation of 
recommendations.  
Variety of desired outcomes 
IUWM strategies are used to achieve a variety of outcomes as can be seen on the right-hand column 
of Table 2. Towards a Botanic Colac (A1) and Total Watermark (A3) focused on setting an agreed 
vision and objectives for water services in their target areas. Footscray IWM Investigation (A4) and 
Northern Growth Area IWCM plan (A9) focused on determining optimal infrastructure solutions. 
Depending on whether a strategy seeks to result in high level objectives, or specific technical 
solutions, very different processes are required. In general the case studies appropriately tailored 
their processes to their desired outcomes. 
Case study 
evidence 
Discussion Recommendation 
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Table 2 – Summary of strategy case studies 
State Scale Area type 
Services 
considered MCA
1
Costing
2
Community 
engagement
3
Stakeholder 
engagement
4
Desired outcome 
(A1) Towards a 
Botanic Colac 
VIC Local Brownfield All    Set objectives
(A2) Review of IWCM 
options for 
Fyansford 
VIC Local Greenfield All 
Recommend option
portfolio 
(A3) Total Watermark VIC Local Brownfield 
Drainage & 
alternative 
water 
 Set targets
(A4) Footscray IWM 
Investigation 
VIC Local Brownfield All  
Recommend option 
portfolio 
(A5) SA Water’s Long 
Term Plan for Eyre 
Region 
SA Regional Rural Water supply     Approve specific options 
(A6) Water Initiatives 
for 2050 
VIC 
Sub-
regional 
Brown/ 
green
5 All    
Set objectives & 
approve option portfolio 
(A7) Water Forever 
South West 
WA Regional Rural Water supply     Approve specific options 
(A8) Recycled Water 
Strategy 
VIC 
Sub-
regional 
Rural 
Sewerage & 
alternative 
water 
 Approve specific options 
(A9) Northern Growth 
Area IWCM Plan 
VIC 
Sub-
regional 
Greenfield All   
Set objectives &
approve option portfolio 
1
 Was a multi criteria assessment (MCA) used in the decision making process? 
2
 Were individual option costs calculated? 
3
 Were specific actions taken to engage with the wider community? 
4
  Were specific actions taken to engage with other stakeholder organisations? 
5
 Both Greenfield and Brownfield development areas were considered 
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Process for strategies which cover large areas 
Some of the strategy case studies investigated geographically large areas and others small ones. 
Water Initiatives for 2050 (A6) focused on its entire region, and Water Forever South West (A7) also 
had a large geographical area. In these cases studies the organisations divided the region into sub-
regions but then used the same methods and stakeholder groups for both scales.  
In Water Initiatives for 2050 a large stakeholder group was assembled for the purposes of setting both 
region-wide objectives and assessment of local scale options. Having such a large group involved in 
the assessment of local scale projects delayed completion and increased costs. It also meant that 
stakeholders participated in and influenced meetings which had little relevance to them, and in some 
cases did not have the technical capabilities to understand. 
Water Forever South West had a large scale and many sub-regions which have no water 
infrastructure connections between them. This meant that community meetings focused on the larger 
region and were not targeted to specific sub-regions. 
The authors have determined that, in both cases, failing to make sub-regional engagement targeted 
to local matters impeded the organisations’ ability to efficiently conduct stakeholder engagement, 
delaying completion and increased costs.  
When external stakeholders have decision making authority 
In situations where water utilities do not have complete authority to implement strategy 
recommendations, strategies must influence those with authority, rather than only seeking to 
determine optimum solutions.  
Review of IWCM options for Fyansford (A2) clearly shows how much an IUWM strategy process can 
vary due to authority of stakeholders. In this case study the water utility did not have full legislative 
authority over property developers because the Precinct Structure Plan was already in place. In order 
to encourage developers to implement IUWM a process was devised which was extremely 
participatory and visual, and focused on selling a positive vision.  
This can be contrasted to the Footscray IWM Investigation (A4) which had a similar geographical 
boundary size, but used a vastly different process because their purpose was to create an internal 
position on how to bring alternative water into the area. 
Strategies that are designed to meet existing targets 
In some cases, such as the Recycled Water Strategy (A8), specific targets were set before the 
strategy was begun. This meant that the strategy process sought to meet the targets at lowest 
community cost rather than holistically consider what would achieve overall best community 
Strategy recommendation 1: When deciding which strategy processes to use, it is important to 
consider the desired outcomes. Strategies that are intended to set high level objectives require 
less technical detail than those that are created to recommend specific projects.  
Strategy recommendation 2: When considering localised issues, strategies should be broken 
into smaller subregions, and engagement for each of these needs to be specifically targeted to 
local interests. 
Strategy recommendation 3: A more participatory process is required in situations where water 
utilities do not have full authority to implement recommendations. The process used in the 
Fyansford strategy (A2) is appropriate when attempting to influence developers.  
Lachlan Guthrie – PhD Thesis 75
INDUSTRY FINDINGS REPORT 
14   Water Research Australia Ltd – PhD Project 4504 
outcomes. The authors note that this could potentially lead to prioritising the meeting of targets over 
actual community benefits, which was the overarching objective of the strategy. On the other hand the 
process that was used in this case study was therefore simpler as it did not need to consider as many 
interdependent variables. 
As targets can help set strategy direction and simplify strategy processes, but can also cause 
planners to not take a holistic view of overarching strategy objectives, the authors believe that it may 
be appropriate to consider all targets as being flexible. 
Benefits outside of implementation of recommendations 
There are many benefits that can be realised through the creation of an IUWM strategy, even if the 
strategy recommendations themselves are never implemented. Strategies can be a catalyst for: 
 Long term perspectives, and therefore long lead times to consider future challenges (see A7)
 Gathering data and experience which will be helpful for future decision making (A4 and A5)
 Creation of ongoing stakeholder partnerships which foster collaboration, and increase
capacity of all parties (A3 and A6)
 Easier access to grant funding, cost sharing and regulatory approval, through having a
defined vision (A3 and A8)
 Increased engagement with the community (A5 and A7)
2.1.2 Engagement findings 
There are two reasons why stakeholder engagement is important in IUWM strategies. The first is that 
IUWM strategies are improved by drawing on a variety of knowledge and experience bases. 
Secondly, water cycle responsibilities cross organisational boundaries and so strategies often require 
buy-in from many stakeholders. Therefore planners need to carefully select the appropriate 
stakeholder engagement process as this is crucial to the strategy’s success.  
Strategy case studies show that: (i) pre-existing stakeholder relationships can benefit strategies; (ii) 
strategies should begin with alignment of visions; (iii) stakeholders need to know that they have been 
heard; (iv) financial contributions from stakeholders increase buy-in; and (v) often more than one 
stage is required, and in such cases a different targeted engagement method is beneficial. 
Opportunities that come from pre-existing stakeholder relationships 
Historically there has been a lack of communication between stakeholders, such as utilities, local and 
state government, meaning that they often work independently of one another. Without a working 
relationship between organisations some IUWM opportunities cannot be realised. 
In Towards a Botanic Colac (A1) Barwon Water was able to identify an opportunity for IUWM by 
leveraging receptiveness from concurrent Colac Otway Shire strategies. Without a strong existing 
relationship between the two parties, this opportunity may never have been recognised and the 
strategy never completed. 
This demonstrates that having a strong relationship between stakeholders can unlock opportunities 
that would otherwise not be possible. Relationships therefore should be maintained on an on-going 
basis to maximise future opportunities and benefits. 
Strategy recommendation 4: All targets, aside from basic water service standards, should be 
flexible. Targets should be able to be altered if a later planning process determines that meeting 
the target will not result in best community outcomes. 
Strategy recommendation 5: When planning and evaluating a strategy it should be realised that 
there are a variety of benefits that can be gained other than the implementation of 
recommendations. 
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Alignment of visions 
In order to gain stakeholder buy-in to a strategy it is important to begin by aligning the long term goals 
of all parties. By doing this it is possible to establish “why” the strategy is being done, in terms of a 
vision, rather than moving straight onto assessing possible solutions.  
Figure 5 – Simplified agenda for stakeholder meetings in Towards a Botanic Colac 
Towards a Botanic Colac (A1) effectively demonstrated this principle by focusing on the vision in the 
first two stakeholder meetings before discussing options in the third. This meant that all stakeholders 
agreed on a vision for Colac and then moved towards this vision together, resulting in a more 
collaborative approach and more satisfied stakeholders. 
Closing the engagement loop 
In order to have satisfied stakeholders they need to know how their opinions have impacted on the 
strategy. This is sometimes referred to as “closing the engagement loop” and demonstrates that the 
engagement was genuine. If this is not done then it can cause distrust between stakeholders and a 
future unwillingness to participate in engagement. 
Two of the case studies effectively implemented this principle. Water Forever South West (A7) 
involved a variety of types of community engagement. After each contact with the community all of the 
concerns and opinions gathered were documented. Reports were then sent back to relevant 
stakeholders addressing their concerns and opinions and explaining what impact they have had on 
the overall strategy. Water Initiatives for 2050 (A6) involved a similar mechanism for stakeholder 
organisations.  
Financial contributions from stakeholders 
In some cases it is difficult to get stakeholder organisations to actively participate in a strategy 
process. If stakeholders only make “in-kind”, or non-financial contributions, then they have less 
ownership of the strategy, and therefore have a tendency to be less engaged. It was noted in Water 
Initiatives for 2050 (A6) that had financial contributions been received from stakeholders then it is 
likely they would have been more involved in the strategy itself. 
Meetings 1&2: 
Allignment of visions 
(Options not discussed) 
Further meetings: 
Everything else 
Strategy recommendation 6: Working relationships between stakeholders should be built, 
maintained and used often to keep communication channels open. These communication 
channels unlock potential opportunities for IUWM. 
Strategy recommendation 7: Stakeholder engagement should begin with the alignment of 
visions, and discussion of “why” the strategy is being done, rather than moving straight onto 
practical solutions. 
Strategy recommendation 8: Strategy creators should ensure that they “close the engagement 
loop” by letting all involved stakeholders know how their input has impacted on the strategy. This 
prevents the perception of disingenuous engagement. 
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Altering engagement methods between stages 
In cases where a high level of stakeholder buy-in or input is required it is important to have multiple 
stages of engagement. This is important because there are different issues to be discussed at 
different stages of the overall strategy process. At the beginning of the process engagement is 
important to establish a joint vision. During the process it important that stakeholders have the ability 
to contribute to and observe the technical assessment and option selection methods. At the end of the 
strategy process it is important that stakeholders get a chance to provide feedback on the strategy 
recommendations, and potentially suggest alterations. In some cases each of these stages requires 
different methods.  
SA Water’s Long Term Plan for Eyre Region (A5) and Water Forever South West (A7) included 
multiple stages and methods of engagement. Some stages targeted stakeholder organisations and 
some the wider community. This involved asking the right stakeholders the right questions at the right 
times, and resulted in useful engagement.  
In contrast, the Northern Growth Area IWCM plan (A9) involved one major stakeholder meeting at the 
beginning of the strategy process, and then didn’t actively engage with stakeholders again until the 
draft strategy was completed. This resulted in dissatisfied stakeholders who felt that the stakeholder 
meeting had little influence on the eventual recommendations. 
Water Initiatives for 2050 (A6) used multiple stages of engagement, in the form of Stakeholder 
Reference Group meetings. However they largely used the same method in each stage. This meant 
that engagement was not targeted appropriately towards the technical literacy, expertise, and 
interests of the stakeholders, resulting in communication problems.  
2.1.3 Technical evaluation findings 
Technical evaluation includes modelling (such as water balance, hydrology, stormwater treatment 
etc.), concept design, cost and energy estimates, and other things which can be considered 
engineering work. Some strategies go into great detail on these technical processes, while others 
focus on less technical aspects such as objective setting and engagement. Out of the nine case 
studies, seven involved estimating option costs and two did not. The considered strategies have 
found that: (i) in many situations low detail strategies are appropriate; and (ii) the conceptual work that 
happens before modelling is more important than the modelling work itself. 
When high technical detail is not required 
In many cases it is not always appropriate to include high levels of technical detail analysis in a 
strategy. When deciding the level of technical detail required for a strategy planners must take into 
account what types of outcomes are intended, and the decision making authority and technical 
literacy of stakeholders. 
Both Barwon Water case studies; Towards a Botanic Colac, and Review of IWCM options for 
Fyansford (A1 & A2) used relatively low levels of technical detail in the planning process. Towards a 
Botanic Colac was not intended to come up with an agreed implementation plan, but rather concepts 
that would stimulate greater consideration of IUWM in a city master plan. In the Fyansford case study 
Barwon Water understood the needs of the stakeholders and concluded that highly technical decision 
Strategy recommendation 9: In some situations financial contributions into strategies can 
increase stakeholder buy-in. 
Strategy recommendation 10: Effective engagement involves asking the right stakeholders the 
right questions at the right times. This often requires multiple stages of engagement, with different 
methods at each stage to target stakeholders with different technical literacy and interests.  
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making would not be appropriate. These two case studies have shown that planners do not always 
need to complete expensive and technically detailed strategies for them to be effective. 
 
Work required prior to technical evaluations  
For technical evaluations to be conducted effectively many things need to have already occurred. 
There needs to be a thorough understanding of local contexts, and stakeholders need to have a 
chance to provide input into what the technical evaluations are trying to determine, and any 
assumptions. If this is not done then simply having “correct” answers may not be helpful or acceptable 
to all stakeholders. 
The Northern Growth Area IWCM Plan (A9) was a highly technical strategy using a lot of resources 
on technical aspects but ultimately was not approved by stakeholders. The stakeholder engagement 
involved one major stakeholder meeting at the beginning of the strategy process and was immediately 
followed by costly and highly technical modelling and engineering evaluations. The stakeholder group 
was not happy with the results and commissioned another costly and highly technical audit of the 
modelling, which did not find any major fault but the strategy still did not receive approval.  
If more work had been completed before technical evaluation to align the visions of the stakeholders, 
then this strategy would have been more likely to be accepted. This demonstrates that strategies 
often fail if this upfront work is not completed, and it is therefore more important than the technical 
evaluations that come after. This can be counter intuitive as the technical modelling is often 
considered more objective and resource intensive, and therefore more consequential. 
 
2.1.4 Responsibility apportionment 
Many strategies attempt to consider options only from a total community cost perspective, without 
considering which organisations will be specifically responsible for funding and on-going management 
functions. Considered strategy case studies show that: (i) conducting strategies can be a futile 
endeavour without responsibility apportionment and engagement with responsible parties; and (ii) 
including stakeholder mapping as a specific process early in a strategy can help to achieve this. 
Responsibility apportionment taking note of benefit distributions 
Responsibility apportionment relates to determining which organisations are responsible for which 
aspects of strategy implementation. Responsibility apportionment is very important in IUWM strategies 
because they intend to achieve highest community benefit, which often involves recommending a variety 
of infrastructure solutions to be implemented by multiple stakeholders. IUWM strategies require 
infrastructure to be built by water utilities, councils, and developers and often the stakeholder that is 
responsible for the infrastructure is not the one receiving the benefits. This is particularly important to 
consider when some of the stakeholders are private, such as developers, as private organisations do 
not have the same priorities (i.e. highest community benefit) as public organisations. 
If responsibility apportionment is not considered during a strategy then there is a high chance of 
complications later during implementation, either due to (1) organisations not approving the strategy 
recommendations, or (2) organisations not having a clear understanding of what they have agreed to. 
In the Footscray IWM Investigation, Water Initiatives for 2050, and Northern Growth Area IWCM Plan 
case studies (A4, A6 & A9) no attempts were made to allocate responsibilities, or to consider which 
Strategy recommendation 11: The level of technical detail required for a strategy depends on 
its intended outcomes and stakeholders. Often it is more appropriate to have strategies that are 
relatively low in technical detail. 
Strategy recommendation 12: There are a number of steps that need to be conducted before 
technical evaluation is begun, such as: understanding local context and allowing stakeholders to 
provide input. 
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benefits accrued to which stakeholders. None of these strategies are likely to be implemented in full 
because projects were not assigned to stakeholders during the strategy. 
In Towards a Botanic Colac (A1) Barwon Water apportioned the responsibility of implementing 
recommendations to individual stakeholders. This meant that each stakeholder knew what they were 
agreeing to when accepting the recommendations. 
Stakeholder responsibility mapping 
Mapping the responsibilities of stakeholders is a quick and easy way to determine who is responsible 
for what. Both Towards a Botanic Colac and Total Water Mark (A1 & A3) mapped the responsibilities 
of each of the stakeholders and had those responsibilities agreed to very early in the process. Both of 
these case studies had high stakeholder engagement and resulted in a high chance of 
implementation. 
2.1.5 Option selection findings 
Option selection is the process through which strategy recommendations are determined, and so 
many experts see it as the be-all-and-end-all of a strategy. As can be seen in Table 2, six of the nine 
considered case studies utilised a multi criteria assessment (MCA) process to select recommended 
options. None of the considered case studies utilised cost benefit analysis.  
Findings show that: (i) MCA weightings should reflect strategy objectives; (ii) option selection 
processes should not preclude conventional options; (iii) sometimes multiple stages of option 
assessment is appropriate as this allows more options to be initially considered in lower detail, but 
primary criteria should remain consistent; (iv) care needs to be taken when allocating scores in 
relation to a baseline; (v) dividing MCA scores by an appropriate unit can calculate efficiency and 
allow comparison of small and large options. 
Reflecting objectives in option selection 
IUWM strategies generally identify a small number of key objectives, but do not always place high 
emphasis on these objectives during option selection. 
The overarching objective of the case studies was “best community outcomes”, but they also each 
identified some more specific key objectives such as: water supply security, increased engagement 
with the community, and protection of a particular ecosystem. However these key objectives were 
poorly reflected in the weightings of the MCA. 
In SA Water’s Long Term Plan for Eyre Region (A5), an engaged community was highlighted as a key 
objective of the strategy. However, the MCA that was used gave “community acceptance” a weighting 
of only 1%. The recommended option of this strategy received a poor score for community 
acceptance, but this had little bearing on the total score. The result was a recommendation that could 
be seen to contradict a key objective of the strategy. 
Strategy recommendation 13: It is important to apportion strategy implementation 
responsibilities between stakeholders during the strategy. This is especially important when 
private companies, like developers, are involved. 
Strategy recommendation 14: Stakeholder responsibility mapping should be conducted early in 
the strategy process to avoid later difficulties with approvals and implementation. 
Strategy recommendation 15: Future MCA weightings should be strongly focused on reflecting 
the goals, values, and objectives of a strategy. 
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Fair consideration of traditional options 
Traditional options can often be the best way to meet the objectives of an IUWM strategy. If a strategy 
aims to achieve best community outcomes, then all options for achieving this should be fairly 
considered, “integrated” or otherwise. 
Following the MCA in the Footscray IWM Investigation (A4) the “non-integrated” base case received a 
significantly higher score than other option but was not selected as the preferred option. This was 
justified by City West Water by saying that the non-financial benefits of an integrated option could not 
be fully incorporated into the MCA. 
The authors believe that in principle, once a decision making process is agreed upon, the outcomes 
of that process should be accepted. 
 
Multiple phases of assessment 
MCAs can be used for more than just option selection; they can also be used at earlier stages of the 
planning process for shortlisting options. During the Footscray IWM Investigation (A4) City West 
Water were able to assess a greater number of options by using a brief “high-level” MCA during the 
option shortlisting phase and a more detailed MCA during the option selection phase. A two-tiered 
MCA been used as part of the two assessment phases in this strategy, with both phases using the 
same primary criteria with the same weighting. The researchers believe this is preferable method as 
the MCA can largely remain the same, with more detail added in for later stages through the 
secondary criteria.  
It is conceivable that if planners use different primary criteria weighting at different stages, an option 
which would be the preferred option as assessed by the final assessment could be eliminated at an 
earlier stage. 
 
Using baselines in Multi Criteria Assessment scoring 
When scoring an option in an MCA it is very important to have a baseline from which all the options 
can be judged. Baselines should be consistently applied across both criteria, and also between 
options. Baselines can be set at upper and lower limits, or they can be set at a midpoint with positive 
and negative scores on either side. Either way the baseline should be set entirely independently of 
option specifications. 
In the Footscray IWM Investigation (A4), City West Water gave each option a score of 0 – 1 relative to 
the highest and lowest score for each quantitative criteria. Four options were assessed, the best was 
scored 1, the worst 0, and the other two were interpolated between the best and worst. This form of 
base lining gives no indication as to how the options compare with best practice, and can 
inappropriately over or understate the differences between options, i.e. options could be very similar 
or different in a criteria, but in each case one option will be scored 0 and another scored 1. 
SA Water’s Long Term Plan for Eyre Region (A5) inconsistently applied a baseline scoring method 
across options. One option was given a 2/5 (low being good) score because, although it did provide a 
benefit, it was not entirely within their control. Another option which had no impact on that criteria was 
given a 1/5 (perfect score) for having no negative impact. Therefore an option that would have had a 
net positive impact was scored worse than an option with a neutral impact. 
Strategy recommendation 16: The highest scoring option in an option selection process should 
form the basis of the strategy recommendations, whether it is “integrated” or not. 
Strategy recommendation 17: When using two phases of multi criteria assessment, it is 
important to have two tiers of criteria (primary and secondary). The primary criteria should remain 
the same for both phases, while the secondary criteria are adapted. 
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The Northern Growth Area IWCM Plan (A9) provides a good example of using baselines in MCA 
scoring. Every option was not assessed in relation to one another but rather against best practice. 
Each option was scored 50/100 if it met current best practice for those particular criteria, and could 
score above or below this point. 
Comparing large and small options 
It is difficult to use the same MCA when comparing large and small scale options. Small scale options 
will always have a less significant total impact (positive or negative) than large scale options. To 
account for this SA Water’s Long Term Plan for Eyre Region and the Northern Growth Area IWCM 
Plan (A5 & A9) divided their total MCA scores by water yield and financial cost respectively, the key 
objectives of each strategy. Using this method SA Water and Yarra Valley Water were able to see 
that while smaller options might have a smaller net impact they could provide greater efficiency.  
2.1.6 Implementation planning 
After specific options are recommended, a plan needs to be developed for how these options will be 
implemented. Currently only four of the nine strategy case studies have been implemented to some 
degree, but it is expected that over time this should increase to seven. The case studies have 
revealed that: (i) using implementation plans with specified trigger points can help to reduce risk 
associated with future uncertainties; and (ii) formalising an implementation plan without commitment 
to action steps can result in reputational damage and disgruntled stakeholders.  
Implementation trigger points 
As strategies take a long term view, up to 50 years, during the strategy it is often very difficult to 
schedule approximately when options should be constructed. Scheduling effectively many years into 
the future is reliant on growth, and climate modelling, which is often inaccurate. The result is that 
when future projections turn out to be inaccurate, the actual projects that are constructed may end up 
being substantially different to what is scheduled.  
Instead of scheduling when certain options should be implemented, Water Forever South West (A7) 
put forward trigger points that would instigate detailed project planning. These trigger points were 
aligned with the water supply and demand balance of the system. The result was less risk of being 
locked into building inappropriately sized infrastructure based on inaccurate climate or growth 
estimates.  
While this is the only case study to use implementation trigger points, the authors believe that this 
practice could be beneficial in a wide variety of situations. In particular it is considered that growth 
could be used as a trigger point in future implementation plans. 
Strategy recommendation 18: MCAs require baselines to rate options logically and consistently 
across criteria. 
Strategy recommendation 19: Dividing the MCA score by a value that represents a key 
objective gives planners the ability to compare small and large scale options. 
Strategy recommendation 20: Using trigger points in an implementation plan mitigates the risks 
associated with being locked into a documented schedule which is based on potentially 
inaccurate growth and climate estimates.  
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Implementation planning in high-level objective setting strategies 
High-level objective setting strategies align the visions of all stakeholders to help them work together 
and do not always require an implementation plan. Total Watermark (A3) was an update of an earlier 
strategy of the same name and was completed using a very similar process to the earlier one, except 
with one key difference. The newer version did not include an implementation plan. The City of 
Melbourne noted that much of the earlier version’s implementation plan had not been followed 
through on, largely because the implementation plan itself was not a key focus of the strategy and 
therefore did not have a lot of resources invested in it. They decided that there was a reputational risk 
in recommending projects without confidence that they will eventuate. 
Strategy recommendation 21: An implementation plan should only be included in a strategy 
following thorough deliberation and if it has been determined that there is a strong likelihood of 
implementation.  
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2.2 Project findings 
Although IUWM strategies often lead to recommendations for IUWM projects, not all IUWM projects 
are identified in this way. Three of the seven case studies selected for this research were proposed by 
strategies looking for the best infrastructure solution for a particular locality (Altona B2, Coldstream B3 
and Toolern B5). The other four were proposed because the lead organisations were looking for the 
best opportunity to implement alternative water projects anywhere within their jurisdiction, not as part 
of a location specific strategy (Fitzroy Gardens B1, Boneo B4, Coburg B6 and Kalkallo B7). 
The current research is unusual in the sense that the researchers have included a number of project 
case studies which have not been constructed, although all reached at least the level of concept 
design. As can be seen in Table 3 (right-hand column), three of the case studies have been 
constructed. Of these, two are in operation (Fitzroy Gardens B1 and Boneo B4), and one is unused 
awaiting surrounding development (Kalkallo B7). Of the four which have not been constructed, three 
have been put on hold for various reasons (Altona B2, Coldstream B3 and Toolern B5), and one has 
been cancelled due to cost increases (Coburg B6). 
The following sections outline the findings from the project case studies separated into topics and 
subtopics. Table 3 shows summary information for the project case studies 
2.1.1 Project management findings 
Case studies selected for this research demonstrate the ongoing importance of effective project 
management in the planning of IUWM projects. The project case studies reveal: (i) the differences in 
project management approaches between water utilities, councils and private operations; (ii) the need 
to effectively manage interactions with relevant stakeholders; and (iii) the importance of managing 
contractual interfaces during the construction phase. 
Differences in organisational capability 
Different types of organisations have different levels of experience and expertise when it comes to the 
planning and management of IUWM projects. As shown in Table 3, five of the assessed case studies 
were led by water utilities with a vast amount of capability and experience in planning water projects. 
Two were led by other organisational types. 
The first of these, the Fitzroy Gardens project (B1), was planned by the City of Melbourne (CoM), a 
Local Government Area (LGA) with limited experience planning water projects. Many of the findings 
from this project are already well understood by experienced water utility project managers. As will be 
discussed in the financial evaluation topic section, CoM did not conduct financial assessments to the 
standard generally expected from water utilities, although the project itself has been successfully 
completed and in operation. CoM has expressed that through the implementation of this project the 
project management capability of their organisation has increased, which represents an additional 
benefit from the project. 
The remaining case study, Coldstream (B3) was led by a consortium of farmers with no experience 
designing and managing a large scale recycled water scheme, or any operations outside of their 
private property. This means that there was limited capability in estimating costs, tendering, and 
designing infrastructure to water utility standards. The result of this was that their cost estimates 
varied greatly from water utility estimates in all respects.  This creates a risk of either the project being 
constructed without meeting pipe laying standards, creating possible community and environmental 
safety hazards, or of cost blowouts leading to project incompletion. 
.
Project Recommendation 1: IUWM projects should ideally be planned by organisations with 
adequate experience. The public water sector should have a discussion about what role they 
should play in providing project management support to less experienced organisations. 
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Table 3 – Summary for project case studies 
Project 
lead 
Water 
source 
End quality 
& use 
Capacity 
ML/year 
Capital 
cost
6
Financial evaluation 
Grant 
requested? Outcome 
(B1) Fitzroy 
gardens SWH 
project 
LGA Local drain 
Class B for 
irrigation 
69ML ~$5M 
Basic NPV 
assessment 
50% 
Grant received & project in 
operation 
(B2) Altona 
Recycled Water 
Project Stage 2 
Utility Major STP 
Above Class 
A for 
industry 
4,700ML N/A 
Cost benefit analysis 
with potable 
headworks benefits 
0% 
Put on hold by pricing 
regulator 
(B3) Coldstream 
RW project 
Private Local STP 
Class B for 
irrigation 
1000ML ~$10M 
Funding gap 
justification through 
nitrogen reduction 
benefits 
30% 
On hold because of difficulty 
sourcing external grant 
(B4) Boneo 
Recycled Water 
Project 
Utility Local STP 
Class A for 
irrigation 
1,670ML ~$10M 
MCA & cost 
comparison with 
other RW schemes 
15% 
Grant received & project in 
operation 
(B5) Toolern 
SWH project 
Utility 
Constructed 
wetlands 
Water 
exchange 
~1000ML
7
<$20M 
Basic NPV 
assessment 
50% 
Funding received but then 
retracted, unable to reach 
water exchange agreement. 
Pilot trial being conducted 
(B6) Coburg SWH 
project 
Utility Local drain 
Class A for 
residential 
213ML <$20M 
Cost benefit analysis 
with stormwater 
system benefits 
50% 
Grant received but then 
project cancelled due to cost 
increase 
(B7) Kalkallo 
SWH project 
Utility 
Constructed 
wetlands 
Potable/ 
Class A for 
residential
8
360ML ~$20M 
Cost benefit analysis 
with stormwater 
system & spending 
deferment benefits 
50% 
Grant received, project built, 
but not operating due to 
delay in surrounding 
development 
6
 Approximate cost estimates used to ensure commercially sensitive information is not released. These costs are only those associated specifically with reuse. Capital cost associated with 
Altona is confidential. 
7
 This is an approximate number. There are multiple stages and multiple scenarios considered by this project 
8
 For a number of years the scheme water will be used as Class A residential while it is being tested to prove it reaches potable standards 
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Open and honest stakeholder interactions 
IUWM involves interactions between many different types of stakeholders. In some cases 
stakeholders do not have regular communication channels, or they are working together in a new 
way. The Toolern project (B5) was intended to harvest urban stormwater and have Western Water 
transfer this water to Southern Rural Water (SRW) in exchange for an upstream water entitlement. 
The exchange of urban stormwater for agricultural water supplies is an original concept, and so the 
stakeholders were not used to interacting in such a way. 
Western Water put a lot of resources into having consultants do hydrological modelling to prove the 
reliability of stormwater supplied. However in the end Western Water was unable to convince SRW 
that the permanent entitlement exchange mechanism was beneficial for their agricultural customers, 
and so the scheme did not proceed.  
It is possible that SRW’s appetite for a permanent entitlement exchange mechanism could have been 
determined before these technical studies were commissioned, saving a considerable amount of 
resources. Perhaps if it was agreed early in the process that mechanisms other than a permanent 
entitlement transfer needed to be found, then the project could have had less difficulty being 
implemented. This highlights the need for open and honest discussion about what each party is 
prepared to accept early on in the process. 
Physical and contractual interfaces of treatment plants 
Compared to standard water infrastructure projects, IUWM projects are generally more complex. This 
means that when hiring contractors to design and build IUWM projects it is particularly important to 
get the contractual interfaces right. 
During the upgrade of Boneo (B4) Sewerage Treatment Plant there were some issues because the 
tertiary treatment upgrade was being conducted at the same time as a secondary treatment capacity 
upgrade. The secondary treatment facilities were temporarily producing out of specification water, 
making it difficult to commission the tertiary treatment facility (scheme supply). Although this did not 
turn out to be a major problem, in the future, having one completed before the other would avoid this 
issue. 
In the case of Kalkallo (B7) the use of a separate design consultant and construction contractor, with 
internal procurement, made the responsibility for treatment plant performance issues somewhat 
ambiguous. This resulted in the construction being more difficult to coordinate. YVW has determined 
that in future planning processes design and construction should be included within the control of a 
single primary contractor, to ensure a single contract interface. 
2.2.2 Financial evaluation 
Financial evaluation is one of the most important phases for planning IUWM projects. This is done to 
determine the feasibility of projects in terms of their financial bottom-line, and also often attempts to 
calculate wider societal and environmental benefits provided in order to justify any financial losses. 
The assessed project planning case studies have revealed a number of insights into these processes. 
Case studies show: (i) how drastically financial assumptions can alter the outcomes of financial 
evaluations; (ii) multi-stage projects should be considered as a whole, and also as separate stages; 
Project Recommendation 2: During the project conception stage it is important to have open 
and honest discussion between all relevant parties in regards to what each is prepared to accept. 
This discussion should include representatives with adequate decision making authority.  
Project Recommendation 3: Project managers need to carefully consider any possible physical 
or contractual interfaces, particularly in relation to treatment plant construction. In many cases 
water utilities now prefer to have a single contractual interface for design and construction. 
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(iii) when predicting wider scheme benefits it is not always appropriate to use maximum possible 
usage volumes; (iv) benefit valuation procedures require more consistency across projects and do not 
necessarily need to be complicated; and (v) government grant money should be considered in the 
same way as in-house funds. A number of these subtopics are related to attaining some level of 
consistency across financial evaluation approaches. 
Impact of accounting assumptions on financial assessment results 
While it is common sense that accounting assumptions have an influence on the outcomes of 
financial assessments, many may not be aware just how significant an impact they can have. The 
project case studies used different accounting assumptions such as time period for assessment 
ranging from 20 – 50 years. 
As part of the Fitzroy Gardens case study researchers conducted a basic Net Present Value (NPV) 
assessment of the scheme using a variety of different assumptions and recorded the results.  
Table 4 – Impact of financial assumptions on the Fitzroy Gardens financial assessment 
NPV assessment (50 year outlook) 
Discount rate 
Water price increase above CPI 2% 4% 6% 
2% $ 4,520,000 $ 1,055,000 -$ 749,000 
4% $ 11,680,000 $ 4,701,000 $ 1,236,000 
6% $ 25,800,000 $ 11,540,000 $ 4,763,000 
NPV assessment (20 year outlook) 
Discount rate 
Water price increase above CPI 2% 4% 6% 
2% -$ 1,155,000 -$ 1,772,000 -$ 2,215,000 
4% -$ 205,000 -$ 1,058,000 -$ 1,671,000 
6% $ 1,016,000 -$ 147,000 -$ 982,000 
This calculation shows that the NPV of the Fitzroy Gardens project varies drastically from, -$2M to 
+$26M, depending on the accounting assumptions including: assessment period, increase to the price 
of potable water, and discount rate. 
Financial assessments for multi-stage projects 
It is quite common for infrastructure projects to be staged. However sometimes, as in the case of the 
Boneo case study (B4), due to changing circumstances only the first stage is actually constructed. 
This can cause financial projections to be inaccurate. 
Project Recommendation 4: It is important that Melbourne’s water industry be consistent with 
basic accounting assumptions such as time periods, discount rates, and potable water price 
projections, in order to enable comparison of projects. 
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Table 5 – Approximate impact on Boneo financials from non-implementation of Stage 2 
Stage 1 (only) 
Stage 1 & 2 
Combined 
Capex (2007$) $7.7M $10.6M 
Volume (25 years) 41,250ML 75,350ML 
Levelised cost (2007$/ML) $410 $330 
Funding gap (2007$/ML) $116 $36 
NPV (variation from base case) -$4.8M -$2.6M 
Table 5 shows that South East Water will experience a larger shortfall, from Stage 1 only, than it 
originally expected from a Stage 1 and 2 combined project. In future it may be useful to do an 
individual assessment of each, and include this in the business case. 
Using maximum scheme usage volumes in benefit calculations 
It is common for business cases to use maximum potential water use when calculating indirect benefits. 
This practice is justified when project demands can logically be predicted to be steady such as industrial 
use projects like Altona Stage 2 (B2). However in other cases such as Coldstream (B3), an agricultural 
reuse scheme, it is not feasible that average project water use will be anywhere close to maximum 
potential volumes. In wet years recycled water usage could potentially drop to zero. All recycled water to 
agriculture schemes are heavily impacted by rainfall. To illustrate this point, the Boneo scheme has had 
below 50% usage as shown in Figure 6, although no indirect benefits were claimed in the Boneo 
business case, and take-or-pay contracts were used so this was not a problem for South East Water. 
Figure 6 – Actual usage versus maximum capacity for Boneo scheme 
One possible way to account for this would be to use a value (% of maximum capacity) which could 
be used to represent the long term average. 
2009/10 2010/11 2011/12 2012/13 2013/14
Actual 420.66 326.31 737.99 1085.5 741
Capacity 1670 1670 1670 1670 1670
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Project Recommendation 5: For multi-stage projects there may be a benefit derived from 
including a financial assessment each stage in the business case, in order to determine what 
impact the non-implementation of later stages would have. 
Project Recommendation 6: Only reuse schemes for customers with steady demands are 
justified in using maximum usage volumes in their indirect benefit calculations. Agricultural reuse 
schemes should use a realistic long term average volume in their calculations. 
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Valuing indirect benefits 
The water industry has spent a lot of time considering the best ways to calculate indirect benefits from 
reuse schemes. The considered case studies show that there are relatively simple methods for doing 
this, but also that there can be large variations in terms of values applied. 
Three of the case studies, Coldstream (B3), Coburg (B6) and Kalkallo (B7), attempted to value 
benefits to the wider stormwater system. Interestingly Toolern (B5) did not attempt this even though it 
would likely have provided further justification of the project. As shown in Table 6, taken from the 
Coldstream case study, the monetary value of removing stormwater from waterways can be 
calculated in a variety of ways, differing by a factor of up to 1000 (from $40k benefits to $40M benefits 
for volumes associated with Coldstream). 
Table 6 – Variation in indirect benefits calculation methods (taken from Coldstream B3) 
LRMC of treatment 
at WTP 
Current stormwater 
offset contribution 
Cost $430.46/tonne $7,236/kg/year 
Annual or one off Annual One off 
Load 5600 kg/year 5600 kg/year 
Total funding 
justified 
$38,155  
(NPV 25 year) 
$40,521,600 
Altona (B2) and Kalkallo (B7) also calculated indirect benefits from the deferral of infrastructure 
augmentations. Altona calculated the benefit of deferring the next major city-scale potable water 
headworks augmentation by assuming that all water saved would be accrued with Melbourne’s dams 
and therefore the next augmentation could be delayed by a certain number of years. Kalkallo did a 
similar thing but only for local scale transfer and storage infrastructure. They then multiplied the total 
expenditure by the deferral period and their discount rate to calculate savings. 
In all cases it is shown that there are relatively simple ways of calculating indirect benefits, but that 
these methods can vary substantially. This means that the most important thing is that various 
projects use a consistent indirect benefit valuation methodology so they can be fairly compared 
against each other. 
Accounting for external funding in financial assessments 
The case studies are interesting in terms of how internal funds are considered in comparison to 
external funds. The Coburg (B6) and Kalkallo (B7) projects both sought to receive 50% subsidies from 
government grants, which they did not include in their financial assessment, instead only seeking to 
justify internal funds. In essence the spending of government money was considered inconsequential.  
Also the Altona (B2) project had an assumption that Melbourne Water would not lose money when 
providing feedwater, which may require further investigation if the project is to proceed. This can be 
referred to as “financial ring-fencing”. 
Project Recommendation 7: There are relatively simple ways of calculating indirect benefits 
from IUWM projects, however these methods require some level of consistency in order to allow 
fair comparison of projects. 
Project Recommendation 8: Wherever possible it is preferable to carefully consider project 
finances on both a total community cost perspective, and an organisational perspective.  
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2.2.3 Considering risk and uncertainty in decision making 
When conducting option selection and deciding whether a project should be recommended for 
implementation or not there are many uncertainties and therefore substantial risks that need to be 
considered. It is found that (i) development growth predictions are often overly optimistic; (ii) there is 
serious risk involved in planning potable reuse schemes for Greenfield areas because planners 
cannot consult with an existing community; and (iii) decision making processes should place greater 
importance on potential risks, especially in complex and NPV negative schemes. 
Urban development and growth projections 
Three of the considered project case studies utilised urban development growth estimates in their 
business cases: Toolern (B5), Coburg (B6) and Kalkallo (B7). Actual development in all three has 
been slower than expected. In particular the Kalkallo development has been severely delayed, 
causing the constructed treatment plant to remain idle for a number of years. It appears that 
development estimates are generally higher than actual growth rates. Using these over-optimistic 
estimates can cause business cases to appear more viable than they actually are. 
Risks associated with potable reuse schemes in Greenfield areas 
As well as risks around growth estimates, another risk in Greenfield areas is not being able to 
determine community sentiment towards a project, because the community does not yet exist. One of 
the considered case studies, Kalkallo, intends to eventually operate as a stormwater to potable reuse 
scheme. There are a number of uncertainties associated with whether or not the community and 
regulators will accept this. The two main risks which are difficult to mitigate are (1) the future 
community may not want to drink treated stormwater, and (2) that the Department of Health (DoH) 
may never approve potable use. A number of other stormwater to potable schemes are currently 
being considered in Melbourne, so it is important that the planners involved in these projects be 
proactive in determining the current sentiment of Melbourne residents and the DoH in relation to such 
a concept. 
Incorporating risk considerations into decision making 
Throughout the project case study there was a tendency to accurately identify and assess risks, but 
not attach significant importance to these risks in final decisions. For example Toolern (B5) identified 
a number of risks that could not be mitigated, the project continued and then most of the risks 
identified in the business case eventuated, stopping the project. While risks were effectively identified 
in this case study, decision makers did not take these risks fully into account. The authors believe that 
conclusions in business cases should genuinely acknowledge potential risks. 
Project Recommendation 9: Development estimates should be “taken with a grain of salt” and 
where possible project implementation should be triggered by urban development milestones. 
Project Recommendation 10: A number of other stormwater to potable schemes are currently 
being planned and so it is important that the planners involved be proactive in determining the 
sentiment of the community and the DoH. 
Project Recommendation 11: Risks should be taken seriously in option selection, and decision 
making processes. It may be appropriate to discontinue the planning of projects which have 
multiple likely risks which cannot be mitigated. 
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2.2.4 Funding sources 
Even if a project is assessed to have a nett community benefit, the project still needs to have realistic 
funding avenues. All except one of the considered case studies would not have been viable without 
an external funding grant. These case studies reveal that (i) government grants were required in most 
IUWM projects, but utilities will have to move to a beneficiary-pays model; (ii) grant funding 
agreements require time-flexibility; (iii) take-or-pay contracts are essential for agricultural schemes 
due to extreme usage variations; and (iv) there are no clear funding application avenues for privately-
led IUWM projects. 
External funding – moving from government grants to beneficiary-pays 
Table 3, which summarises the funding processes in the case studies, shows that almost all of the 
case studies required external funding to proceed; with four of the seven requiring a 50% subsidy, 
one 30%, one 15% and one 0%. Most of these were funded by the Federal Government. The practice 
of giving Federal grants to fund local water infrastructure projects in financially stable water sectors 
only existed for a short time window following Australia’s millennium drought. In 2011 the Australian 
Government’s Productivity Commission recommended that the Federal government cease this 
practice. 
This means that the water industry will have to move to a beneficiary-pays model if these types of 
reuse projects are going to continue into the future.  
Funding avenues for privately-led schemes 
One of the considered case studies, Coldstream was a private scheme which is not financially self-
sufficient and was planned to benefit growers rather than run at a profit. It requires (at least) $2M in 
external funding to proceed, and has investigated various avenues for this including through 
stormwater benefits to Melbourne Water, and regional economic benefits through the Victorian 
Government. The Coldstream project had serious difficulty exploring these avenues because there is 
no standard process and they have no experience dealing with such agencies. There are more 
examples of private reuse schemes operating in Victoria, New South Wales and South Australia and 
so the question of how private schemes should be funded in pertinent. 
Time flexibility in external funding agreements 
Government grants generally specify a short time period within which funding can be used. For the 
purposes of IUWM projects this can cause problems with timing. The Kalkallo (B7) project was built 
prior to surrounding development because of time constraints placed on the funding agreement, this 
meant that the treatment plant is currently unused three years after construction and has had a 
negative impact on the project financials. It was noted in the Toolern case study that planners took 
notice of what occurred in Kalkallo, and so were able to include increased time-flexibility in their 
funding agreement. 
Project Recommendation 12: Government grants for reuse projects are likely to become less 
common in the future, so if reuse projects are to continue the water industry needs to shift 
towards a combination of a beneficiary-pays and polluter-pays models. 
Project Recommendation 13: Allow private schemes to apply for consideration and funding as 
part of a beneficiary-pays approach. 
Project Recommendation 14: If government grants for reuse projects in urban development 
areas are to continue then they should be designed to have as much time-flexibility as possible. 
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Take-or-pay contracts for irrigation use schemes 
Demands profiles for outdoor use schemes are highly variable and affected by rainfall patterns. For 
such a scheme, including Coldstream (B3) and Boneo (B4), it is important to utilise take-or-pay 
contracts which ensure that customers pay for their water entitlement whether they use it or not. 
Without this, agricultural reuse schemes are financially unviable, although as explained earlier the use 
of take-or-pay contracts does not solve the problem of overestimating usage in indirect benefit 
valuations. 
2.2.5 Regulation, approvals and governance findings 
After financial evaluation, risk considerations and funding sourcing is completed, a certain individual 
or group has authority to both “pull the trigger” to implement a project, and also sometimes “pull the 
pin”, and cancel it. From the case studies it is found that: (i) it is very important to have effective 
communication channels between planners and regulators; (ii) it is constructive that funding bodies 
have the ability to cancel funding if project circumstances alter; and (iii) in Victoria there is no clear 
regulatory process for private reuse schemes. 
Communication between regulators and planners 
All case studies have highlighted the importance of effective communication between regulators and 
planners. In the case of Kalkallo (B7) effective communication with the Department of Health was 
required to attempt to implement stormwater to potable. Altona (B2) is an example of when 
communication is required with financial regulators such as the Essential Services Commission. One 
example of well managed communication process is that of the Boneo scheme (B4), in which South 
East Water gave an in-person presentation to the Department of Treasury and Finance and was 
therefore able to deal with any issues. 
Withdrawal of funding and project cancellation 
Two of the considered case studies originally achieved funding but then were not implemented. In the 
case of Toolern, Federal funding was initially awarded and then later withdrawn when it became clear 
that an agreement could not be reached over the proposed water exchange mechanism. In the case 
of Coburg, there were some cost increases which made the project unviable, and Yarra Valley Water 
made the decision to cancel it.  
The authors believe this to be a positive attribute of the funding agreements. It is important to have 
the flexibility to discontinue a project if circumstances change and the project becomes unviable or no 
longer the best solution. 
Regulation for private reuse schemes 
In Victoria there is currently no regulator tasked with the financial regulation of private reuse schemes. 
In the Coldstream case study it is clear that there is a risk that the private enterprise will experience 
financial problems due to under-budgeting. If this happens then either Yarra Valley Water or some 
Project Recommendation 15: It is important to continue to utilise take-or-pay contracts in 
irrigation reuse schemes. 
Project Recommendation 16: It is important that relationships and communication channels 
between water authorities and regulators are maximised in order to achieve positive results. 
Project Recommendation 17: It is important to continue the practice of discontinuing projects 
when project circumstances become more negative.  
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level of government will likely be expected to take over ownership of the scheme. However there is no 
regulator that is responsible for considering and making a judgement on the financial sustainability of 
the scheme. In NSW IPART fulfils this function under the Water Industry Competition Act. 
Project Recommendation 18: There should be an entity in Victoria tasked with regulating 
private water schemes to ensure they are financially sustainable. In NSW the pricing regulator 
IPART fulfils this function under the Water Industry Competition Act. 
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THE WAY FORWARD: INFRASTRUCTURE FUNDERS’ FORUM 
Integrated Urban Water Management is still an emerging practice. This research has involved the 
investigation of 9 strategy case studies and 7 project case studies. Although each case study is 
unique, there are some themes which have been highlighted across the majority of them.  
The strategies and project case studies have revealed many important findings in relation to the 
planning of IUWM infrastructure. The most consequential strategy case studies findings related to 
desired outcomes, engagement, and cost and responsibility apportionment. The most consequential 
project case studies findings related to financial evaluations, calculation of indirect benefits, funding, 
and financial regulation. 
The majority of the IUWM projects considered in the case studies were reliant on government grants 
which may not be available into the future. If government grants are no longer available IUWM will 
need to adjust to a funding model which involves both beneficiary-pays and polluter-pays 
mechanisms, if it is to continue. 
The key barriers to achieving such a sustainable funding model are largely related to the 
fragmentation of decision making authority across organisations. In order to be implemented 
effectively IUWM therefore requires effective coordination across all water-related organisations. 
In the current system there is a substantial deficiency of industry coordination. A number of regulators 
have governance responsibilities over IUWM projects, but have minimal involvement in IUWM 
strategies which should (ideally) inform the identification and selection of these projects. Also in the 
current system water authorities do not have an avenue for providing feedback on strategies and 
projects planned by other water authorities. Both of these things make it difficult for the collective 
water sector to make informed infrastructure decisions and achieve optimal community outcomes. 
The authors propose that an “Infrastructure Funders’ Forum” with representation from all water 
authorities and regulators, and intermittent attendance from LGA representatives, private 
organisations, and academics, be created as an IUWM coordination mechanism. This could be used 
to provide and enhance: 
1. Effective communication between water authorities, regulators, and local government
2. Peer-review of decision making processes to ensure consistency and quality, including:
a. Community and stakeholder engagement
b. Risk assessment and management
c. Technical evaluations and modelling
d. Financial evaluation (including indirect benefits)
e. Option selection and justification
3. Governance of a beneficiary-pays cost apportionment system
4. Ensuring organisations have the capability to proceed with proposed projects, and that the
projects themselves are sustainable and provide a net community benefit
5. Comparison and prioritisation of projects across the whole system
In the absence of authoritarian government decrees, the only way that a beneficiary-pays system 
could be administered is through such a self-governing water industry forum. By having 
representatives of all parties in the room it would be possible to consistently peer-review, compare 
and prioritise new IUWM strategies and project proposals. This would enable a holistic discussion of 
any indirect benefits and how these accrue to various parties across a city’s whole water system. 
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The authors suggest that this Infrastructure Funders’ Forum be set up to function as a peer-review 
process that provides formal advice on both IUWM strategies and projects. This formal advice could 
then be considered by all parties before final decisions are made by the various authorities and 
regulators. 
Figure 7 – Proposed process for an Infrastructure Funders Forum 
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FURTHER READING: JOURNAL PAPERS 
The issues discussed in this report are discussed in greater detail in a series of journal papers, the 
details of which are shown below: 
Furlong, C., Guthrie, L., De Silva, S. & Considine, R., 2015. Analysing the terminology of integration in 
the water management field. Water Policy, Volume 17, pp. 46-60. 
http://wp.iwaponline.com/content/17/1/46 
Furlong, C., De Silva, S. & Guthrie, L., 2016. Understanding Integrated Urban Water Management as 
an ideology, method and objective. Water e-Journal, 1(2), pp. 1-8. 
http://www.awa.asn.au/AWA_MBRR/Publications/Water_e-Journal/02_-
_INTEGRATED_URBAN_WATER_MANAGEMENT_-_Furlong.aspx 
Furlong, C., De Silva, S., Guthrie, L. & Considine, R., 2016. Developing a water infrastructure planning 
framework for the complex modern planning environment. Utilities Policy, Volume 38, pp. 1 - 10. 
http://www.sciencedirect.com/science/article/pii/S0957178715300746 
Furlong, C., De Silva, S. & Guthrie, L., In Press. Planning scales and approval processes for IUWM 
infrastructure. Water Policy. 
http://wp.iwaponline.com/content/early/2015/12/22/wp.2015.118 
Furlong, C., Gan, K. & De Silva, S., In Press. Governance of Integrated Urban Water Management in 
Melbourne, Australia. Utilities Policy. 
http://www.sciencedirect.com/science/article/pii/S0957178715300722 
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4 Creating	a	water	infrastructure	strategy	categorisation	system	to	
be	able	to	compare	different	strategies	
In this chapter there is one publication: 
 Developing a categorisation system for Australian Integrated Urban Water Management
plans
This publication answers research question 2: What characteristics are most important when 
defining and comparing IUWM infrastructure planning strategies? 
Publication 4 creates a categorisation system from which water infrastructure strategies can be 
categorised and compared. This system was used in the examination and the analysis of the case 
studies. 
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4.1 Publication	4:	A	categorisation	system	for	Australian	Integrated	Urban	
Water	Management	plans	
lable at ScienceDirect
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Integrated Urban Water Management plans (IUWM plans) are the processes through which water util-
ities make and justify important water infrastructure decisions for particular regions. Currently, no
widely accepted categorisation system exists, and it is therefore difﬁcult to understand what types of
plans exist and the differences among them. This is a barrier to collaboration between agencies,
knowledge sharing, and continual improvement of IUWM plan processes. This study has involved in-
depth analysis of IUWM plan case-studies to develop and trial a novel IUWM plan categorisation sys-
tem. This system categorises IUWM plans using six scope descriptors that can shed light on their
character and utility.
© 2017 Elsevier Ltd. All rights reserved.1. Introduction
1.1. Integrated Urban Water Management plans
Urbanwatermanagement predominantly involves the provision
of three services; water supply, sewerage, and drainage (Marlow
et al., 2013). Water supply includes the provision of potable wa-
ter, which is supplied to residential households for drinking, and in
some cities, ﬁt-for-purpose water which is supplied for non-
drinking usage including toilet ﬂushing, laundry, and irrigation
(Ferguson et al., 2013). Sewerage includes the collection, treatment,
and disposal of residential and industrial wastewater (Fam et al.,
2014). Drainage includes the management of local scale urban
stormwater collection and transfer, large scale ﬂooding infrastruc-
ture, and the management of waterways or water bodies (Fryd
et al., 2012). Within the traditional water management paradigm
each of these three services is managed separately, with different
infrastructure, managers, processes, and plans (Anderson and
Iyaduri, 2003); (Mukheibir et al., 2014); (Makropoulos et al., 2008).
Integrated Urban Water Management (IUWM) is a concept that
is gaining popularity in some areas of the world (Closas et al., 2012)
(Global Water Partnership, 2012), particularly within Australia
(Mitchell, 2006) (Ferguson et al., 2013); (Mukheibir et al., 2014); .
IUWM processes consider water supply, sewerage, and drainagethrie).
Lachlan Guthriesimultaneously, through an integrated planning process. There are
many similar terms that have been created to deﬁne concepts
similar to IUWM, including Integrated Water Resource Manage-
ment, Total Water Management, and Integrated Water Cycle Man-
agement (Furlong et al., 2015). In a broad sense, all of these terms
advocate that water managers should holistically consider impacts
across all water services to achieve the best outcomes for the
community. Therefore, in regards to their base ideology, these
terms are interchangeable (Furlong et al., 2015).
IUWM plans (can also be referred to as “IUWM strategies”)
(Furlong et al., 2017a) are the integrated decision making process
through which some Australian water utilities plan the future
infrastructure augmentations for one or more water service (water
supply, sewerage, and drainage) for a deﬁned region (Furlong et al.,
2016a). These regions are delineated by either natural catchment
boundaries or artiﬁcial governmental boundaries (Warner et al.,
2008). They can be as large as an entire region or city, or as small
as a small town or suburb. IUWM plans involve making predictions
about how a region will change with respect to population growth,
urban development, and climate over a period of time, generally
between 5 and 50 years (DSE, 2005); (Melbourne water utilities,
2006); (Jefferies and Duffy, 2011); (CSIRO, 2010).
IUWM plans are created for a variety of reasons and to suit a
large variety of contexts, and there are various methods and pro-
cesses that water utilities have at their disposal (Furlong et al.,
2016a); (Furlong et al., 2016c). Practitioners decide which
methods are most appropriate depending on the geography, de-
mographics, stakeholders, the strategic aims, available resources, – PhD Thesis 99
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Fig. 1. Method for this study.
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et al., 2015).
1.2. The need for a categorisation system
Currently, it can be very difﬁcult for scholars and practitioners to
understand what types of IUWM plans exist, and the differences
between them (Anderson and Iyaduri, 2003). This can be chal-
lenging because of the diversity and complexity of IUWM plans
which consider a broad range of contexts, scales, intended out-
comes, number of services, and vastly different geographic areas
and population (Hering et al., 2015). There is also wide variation in
existing water infrastructure, governance structures, and public
expectations (Wilson et al., 2013); (O'Halloran et al., 2012);
(Overman et al., 2015). Hence valid comparisons between differing
IUWM plans can be difﬁcult, and processes from one IUWM plan
may not be appropriate for another (Furlong et al., 2016c).
To enable scholars and practitioners to be involved in the
continual improvement of IUWM planning processes they must
ﬁrst understand and be able to demonstrate how various IUWM
plans relate to one another in terms of process and function. An
IUWM plan categorisation system would allow practitioners to
determine which previous IUWM plans, or which aspects of a
previous IUWM plans, are relevant to consider when creating new
IUWM plans. A categorisation system is vital to enable collabora-
tion and knowledge sharing. During an extensive literature review,
we did not uncover any categorisation systems that either describe
the differences or enable comparisons between IUWM plans.
This study will attempt to ﬁll this gap by taking some pre-
liminary steps towards the development of an IUWM plan cate-
gorisation system, which can be built upon and improved. The
system would allow water practitioners and scholars to identify
previous strategies and particular aspects, methods, and processes
that may be relevant in the creation of future plans.
To ensure that any categorisation system can be accepted by the
industry it must avoid any perception of judgement, as this could be
perceived to create a risk of reputational damage to an individual or
organisation. To prevent any negative perceptions, this study will
use a description of the scope of the IUWMplans as the basis for the
proposed categorisation system. By describing the scope of a plan,
one cannot judge the effectiveness of that plan, but rather only the
intended processes and outcomes.
2. Method
The research involved several steps. Primarily the process has
involved an extensive literature review to develop scope de-
scriptors, which formed the basis of the categorisation system,
consultation with industry experts to reﬁne and verify the system,
and then exploration of this system through analysis of nine IUWM
plan descriptive case studies, as shown in Fig. 1.
As no IUWM plan categorisation systems have been identiﬁed, a
literature review was required in order to understand previous
efforts to develop non-water related strategy categorisation sys-
tems. The majority of the relevant literature regarding strategy
categorisation is related to the ﬁeld of “corporate environmental
strategies.” A corporate environmental strategy is a plan developed
by a large company to address environmental issue or objectives of
the company. Many of these examples came from the car-industry
from companies wanting to reduce environmental damage caused
by production (Díaz-Garrido et al., 2016). Many categorisation
systemswere found, some referring to themselves as taxonomies or
typologies, and enabled us to develop an understanding of what
would be required in an IUWM plan categorisation system. How-
ever, we quickly determined that no system existed which wouldLachlan Guthrie –meet the requirements for IUWM plans.
To ensure the thoroughness of this literature review, the
following terms were searched in both the Scopus and Google
Scholar academic databases; strategy categories, strategy catego-
risation, environmental strategy categories, environmental strategy
categorisation, strategy typology, environmental strategy typology,
strategy taxonomy, and environmental strategy taxonomy. The
categorisation systems, typologies, and taxonomies were then
critically assessed to determine what, if any aspects could form the
basis of scope descriptors for use as an IUWM plan categorisation
system.
Following the literature review, we developed a draft set of
strategy scope descriptors to be used as an IUWM plan catego-
risation system. When selecting scope descriptors, the following
criteria were considered:
 Perception of negativity; if a scope descriptor could be perceived
as “good” or “bad” then it would not be included.
 Ease of use; it is important to have a categorisation system based
on factors that are quick and easy to determine, understand and
measure.
 Relevance; each scope descriptor must be a relevant indicator.
 Objectivity; wherever possible it is important to have scope
descriptors that are objectively determined.
We collected feedback on draft categorisation system and
identify IUWM plan case studies, and detailed information on
IUWM plan case studies. In total, 34 experts representing six
distinct sectors of the water sector were consulted with, as shown
in Fig. 2.
In order be able to test and verify the categorisation system, the
research undertook a qualitativemultiple case study approach (Yin,
2009). Nine case studies were selected to trial the system in a broad PhD Thesis 100
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water infrastructure plans that consider only one water service for
contrast. Data were collected through interviews with IUWM plan
project managers, in a series of at least two interviews for each.
During the interviews, each interviewee was asked about the scope
descriptors, and through this process the system was further
reﬁned and veriﬁed. This IUWM case study research methodology
replicates the approach of Furlong et al. (2016b, 2017b).
Following this consultation, the case studies were then analysed
using the IUWMplan scope descriptors to test the effectiveness and
usefulness of the system. The summary details of each case study
have been included in Section 4, and extended case studies have
been published on the Water Research Australia website (Guthrie
et al., 2016).3. Developing the initial scope descriptors
3.1. Literature review
A literature review was conducted primarily to determine the
scope descriptors which could be used to categorise various IUWM
plans. During the literature search we were able to uncover many
categorisation systems, taxonomies, and typologies that had been
created for corporate environmental strategies. For the remainder
of this paper, typologies and taxonomies will be included as part of
the more general term of categorisation system. Because of the
different contexts, IUWM plans are created for (Hering et al., 2015),
none of the categorisation systems found in the literature review
were appropriate for direct application. However, many of the
concepts, ideas, and ﬁndings surrounding these different catego-
risation systems enabled the development of an IUWM plan cate-
gorisation system.
Hass (1996) investigated using a quadrant systemwith a two by
two matrix to categorise strategies. This two by two axis included
“structure of environmental management systems,” which conveys
the scale of the strategy and was rated low or high, and “imple-
mentation of systems,” which was rated problematic or successful
respectively. Using the scale of a strategy as a scope descriptor can
be adapted to an IUWM plan categorisation system as geographic
scale. For example, an IUWM plan could have been undertaken at a
low (neighbourhood) or high (watershed/river basin) scale. How-
ever, this could never be represented as a simple dichotomy
because there can be many different scales considered by IUWM
plans including; neighbourhood, sub-regional, regional, water-
shed/river basin, state government and federal government
(Warner et al., 2008); (Marques and DeWitte, 2011); (Furlong et al.,
2016b).
Lee and Rhee (2007) described another quadrant system using a
two by two matrix which included Proactive vs. Reactive and
Opportunistic vs. Focused. The Opportunistic vs. Focused di-
chotomy can be adapted for an IUWM plan categorisation systemLachlan Guthriebecause it considers the level of stakeholder involvement in the
strategy including both the number of stakeholders involved and
the method of engagement. For example, an opportunistic strategy
generally would consider a wider range of stakeholders and
stakeholder opinions, while a focused strategy would be more akin
to an internal investigation on a single issue. As stakeholder and
community engagement is often a very important aspect of an
IUWM plans (CSIRO, 2010); (Furlong et al., 2016a), the level of
stakeholder involvement required to complete a strategy would
greatly impact the methods used by practitioners (Furlong et al.,
2016c).
Albino et al. (2009) investigated stakeholder involvement and
engagement using the dichotomy of Inter-organisational and Intra-
organisational. This dichotomy investigates whether multiple or-
ganisations are required to approve a strategy or whether only
internal approval is required. Therefore, an inter-organisational
strategy would need to be more outwardly focused, strongly
considering the opinions of multiple stakeholders to ensure their
approval. On the other hand, intra-organisational strategies are
inwardly focused strategies requiring a greater technical focus. This
simple dichotomy can easily be applied in an IUWM plan catego-
risation system.
Frondel et al. (2007) proposed categorising strategies using a
hierarchy of outcomes. This included a three-tier hierarchy of
“organisational innovations,” “process innovations,” and “product
innovations.” There is a strong correlation with the well-known
“the golden circle” of Why, How, and What (Sinek, 2011). Organ-
isational innovations could be summarised as “Why does the
organisationwant to change,” Process innovations as “Howwill the
organisation achieve this change,” and Product innovations “What
will the organisation now produce.” Some IUWM plans attempt to
assess speciﬁc pieces of infrastructure, while others attempt to
create organisational targets and objectives, which require alto-
gether different processes. While the particular categories put
forward by Frondelmay not be directly applicable to an IUWMplan,
the concept of a hierarchy of the outcomes, aligned to the golden
circle, can be included the categorisation system.
Díaz-Garrido et al. (2016) considered a two-dimensional axis
system with the concepts of “width” and “depth.” Width in-
vestigates how broad the scope of the strategywould be potentially
in terms of geographic size or number of business units. Depth
investigates the level of detail that the strategy requires, for
example, technical detail or extent of staff involvement in its
development. This categorisation system rates strategies according
to width and depth and places them onto a two axis matrix. The
concepts of width and depth can be applied as overarching types of
scope descriptors and will be included in the IUWM plan catego-
risation system.3.2. Proposed scope descriptors
From the literature review the researchers were able to create a
preliminary set of scope descriptors. The scope descriptors have
been separated into “width” descriptors, and “depth” descriptors in
accordance with Díaz-Garrido et al. (2016). Width investigates the
size of the scope of the IUWM plan and has been divided into the
descriptors of;
1. Services considered
2. People impacted
3. Geographical Size
Depth investigates the level of detail that the IUWM plan looks
into and has been divided into the descriptors of; – PhD Thesis 101
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2. Approval authority
3. Intended outcomes
These scope descriptorswill be thoroughly explained and trailed
in the following sections through the exploration of IUWM plan
case studies.
4. Detailed descriptions of the IUWM plan case studies
Below are detailed descriptions of all the case studies completed
for this study. These case studies were used as examples for the
strategy categorisation system.
4.1. Towards a Botanic Colac
Towards a Botanic Colac is an Integrated Water Management
strategy for the town of Colac, a rural centre in Western Victoria.
This strategy is a high-level master plan, strongly focused on
aligning the visions and objectives of the various water related
organisations in the town.
The intention of this strategy was not to develop an action plan
for Colac but to raise awareness, amongst those responsible for the
long term future of the town that the urbanwater cycle could be an
important contributor to the liveability and resilience of the urban
landscape. Prior to this project Barwon Water held the view that
these aspects were not likely to be prominent in the preparation of
the Colac 2050 Master Plan.
The most interesting component of the strategy is the stake-
holder engagement used to create the objectives. The project team
achieved strong alignment amongst the stakeholders regarding the
vision for Colac. One of the reasons for this success was deferring
discussion of options until the latter phases of the strategy devel-
opment. This meant that the strategy was driven by vision rather
than solutions-driven and varies from the other case studies in this
respect.
Overall, this strategy did not focus on recommendation of op-
tions. However, options that were included in this strategy were
developed as projects including some new, upgraded, or repaired
infrastructure, or maintenance and rehabilitation programs.
Because of its nature, the strategy did not require high levels of
technical detail.
This strategy and its cooperative approach, raised awareness of
IWM, demonstrating the potential future social, environmental and
economic beneﬁts and provided some conceptual opportunities to
enable the stakeholders and community to be excited about future
prospects.
4.2. Review of IWCM options for Fyansford
Fyansford is a developing suburb in the West of Geelong, in
central Victoria. The areawas previously home to a large quarry, but
recent growth has meant that planning overlays have changed and
the area has been earmarked for an 1100 lot development. The
existing water infrastructure will not meet the demands of the new
population, and this was seen by Barwon Water as an excellent
opportunity to implement IWM. The Fyansford development
overlay had already been completed before this strategy was
begun. This meant that Barwon Water had little ability to change
the overlay to include IWM concepts without the consent of the
developer.
This strategy helped create an innovative, comprehensive and
collaborative process for embedding IWM in new urban de-
velopments at both whole-of-precinct and sub-precinct scales. The
strategy focused on a much broader suite of water related aspectsLachlan Guthrie –than only consumptive use of water, which is what many other
IWM Plans focused on at that time. Each aspect of the planning
process was designed to target the developer's needs. This is
especially noticeable by the use of the options matrix in the option
selection process.
This strategy demonstrated what could be achieved through a
collaborative, cooperative approach to whole-of-water-cycle man-
agement as a way to enhance liveability outcomes for new com-
munities by design. Practitioners do not need to spend resources on
detailed, expensive consultant reports to create applicable inte-
grated solutions. If practitioners are prepared to arrange stake-
holders meetings and facilitate appropriate workshops, an
integrated plan can be created for a more liveable development at
an acceptable cost.
4.3. Total WaterMark
Total Watermark is the City of Melbourne's Integrated Water
Management strategy ﬁrst created in 2004 and updated in 2009
and 2014. The City of Melbourne is the local government area
responsible for central Melbourne, including the central business
district (CBD) and other inner suburban areas. While the City of
Melbourne is responsible for street level drainage in their munic-
ipal area, the main involvement in water is to irrigate their many
parks and tens of thousands of street trees.
This strategy set high-level targets and objectives in order to
create a facilitating environment to allow progress towards a water
sensitive city. The 2014 version of Total Watermark does not put
forward any recommended infrastructure projects and includes
only very little detailed analysis. The strategy does outline the
processes which must be used when council planners are planning
new IWM projects within the city of Melbourne.
The strategy resulted in 26 alternative water projects
throughout Melbourne's central business district and inner sub-
urbs. The City of Melbourne is currently in discussion with other
stakeholders about the implementation of more projects.
4.4. Footscray Activities Area
Footscray has traditionally been a very industrial suburb, located
in the inner-west of Melbourne. In recent years, the Victorian State
government and the local council have undertaken the Footscray
Renewal Initiative which supports Footscray's renewal into a more
residential and commercial focused, gentriﬁed suburb to become
the capital of Western Melbourne. In the heart of Footscray is the
Footscray Activities Area (FAA) which includes the retail core, the
train station, and a University. The redevelopment of the FAA is a
joint project between local and state government to help move
Footscray towards becoming the “capital” of western Melbourne.
An integrated water infrastructure optionwas thought to be able to
assist with the area's overall sustainability and community out-
comes. This strategy was City West Water's (CWW) IWM strategy
for the redevelopment of the FAA.
This strategy was an internal investigation undertaken by CWW
to inform them of the most appropriate integrated water servicing
option available for the area. The strategy was highly technical
creating a detailed concept design for each option before using a
multi-criteria assessment to assess options against one another. As
it was an internal investigation very little stakeholder or commu-
nity engagement was completed during this strategy.
4.5. SA Water's long term plan for Eyre Region
The Eyre region is a large peninsula in South Australia, North
West of Adelaide. The Peninsula sits between the Spencer Gulf to PhD Thesis 102
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In 2007 the SA state government held the Eyre Region Water
Summit to address water scarcity in the region. The summit set the
key objectives of water security and community engagement to be
the drivers for water management in the region. Completed in
2008, this strategy created a future direction for how SAWater will
continue to supply the region with water, but does not investigate
sewerage, drainage, or waterways aspects of the water cycle.
The most interesting aspects of this strategy are the community
and stakeholder engagement, and the option selection processes.
The engagement planning undertaken in this strategy was very in
depth and produced very good results. The option selection process
used a multi criteria assessment, to determine the recommenda-
tion that desalination and a transfer pipeline from theMurray River
should be constructed as part of the region's future water
infrastructure.
Overall, while this strategy was approved and accepted by
Minster for Water and SAWater, none of the infrastructure options
recommended have been constructed. The millennium drought
broke soon after the ﬁnalisation of the strategy water supply and
demand forecasts altered dramatically, and no new infrastructure
was required. This strategy is currently being reviewed on a regular
basis and will be used to inform any future water strategies in the
region.
4.6. Water Initiatives for 2050
Water Initiatives for 2050 was created by South East Water
(SEW) the Water authority for Eastern and South-Eastern Mel-
bourne, to be an Integrated Water Management strategy for the
entire SEW region. The SEW region covers several types of urban
and rural areas, from inner-city highly dense areas, to outer sub-
urban greenﬁeld areas of the outer Eastern suburbs, and the rural
areas surrounding Western Port Bay. To account for the different
land-use types and communities it has been broken into seven
distinct zones.
The strategy essentially covered two scales of planning, the sub-
regional and local scale (the seven district zones). Practitioners
focused on setting a collective goal and vision at the higher scale
and determining infrastructure at the lower scale. A strong focus of
the strategy was on stakeholder engagement to determine shared
objectives and goals at the sub-regional scale. These IWM goals and
objectives were set for all stakeholders across the region as part of
this strategy, and then these goals were used to identify local-scale
options. In collaboration with the stakeholder reference group
these objectives were then used to identify speciﬁc local-scale
projects in each of the seven deﬁned zones. By looking into infra-
structure only at the lower scale, SEW was able to achieve the
desired detail in terms of infrastructure projects in each of the
zones in one strategy.
4.7. Water Forever South West
Water Forever South West is the water servicing strategy
completed by Water Corporation for the South West region in
Western Australia. This strategy considers the impacts to the water
system and therefore unlike themajority of the other case studies is
not what would generally be considered an “integrated” water
strategy.
The majority of the case studies are from Victoria which appears
to have different strategic objectives to those of Water Corporation
in Western Australia. Under Western Australian legislation, Water
Corporation is required to act in a commercial manner and provide
water and wastewater services to ensure that WA is a liveable state.
Water Corporation will often require Government support to actLachlan Guthrieoutside of this mandate, for example in the form of a grant or
funding. This has resulted in the Western Australian water sector
placing a high priority on transparency and therefore lower priority
on highly technical Integrated Water Management planning pro-
cesses. The outcome was that water, sewer, and drainage servicing
strategies often being completed as largely independent processes.
This strategy looks at many different regional and local scale
options and assesses them using a simple Multi-Criteria Assess-
ment. One of the key aspects of this strategy is the substantial
community and stakeholder engagement, which involved several
stages and targetedmultiple sectors of the community. Tomake the
strategy more localised, Water Corporation has divided the South
West region into ﬁve sub-regions. Potential options have been
assessed at the sub-region scale with water balance modelling
completed to ensure that each sub-region does not have a negative
water balance.
4.8. Western Water Recycled Water Strategy
Western Water (WW) is the regional water corporation to the
North West of Melbourne. WW manages the water and sewerage
supply to all of the customers in the region including treatment,
collection, and management of various water storage facilities. The
WW region is only connected to the Melbourne system via two
potable water connections, which can provide water when needed
at a greater cost than local supplies. These connections were made
in 2007 as a result of the Millennium Drought and bulk water
storages dropping to below 4% capacity.
In 2008, towards the end of the millennium drought, WW
renewed their recycled water policy. This policy outlined an aspi-
rational target of 100% beneﬁcial use of recycled water by 2013. A
Recycled Water Strategy was then developed to assess their seven
recycled water plants (RWPs), establish principles for prioritising
options and pricing, and determine how they would best meet the
aspirational 100% reuse target.
The strategy also informed Western Water's 2008 Water Plan
submission. The water plan submission required Western Water
submit cost and schedule estimates for all their proposed projects
and required high level project planning. However, the majority of
the option selection was driven by expert opinion and tried to
achieve the 100% target at lowest community cost and greatest
community beneﬁt.
Western Water would try to achieve the aspirational goal by
investigating community and stakeholder support in regards to
willingness to pay. Understanding willingness to pay would ensure
that each project proposed would be ﬁnancially viable but each
project would require a more detailed project planning at a later
stage. The strategy also included guidelines for how these assess-
ments should be completed. The investigations into stakeholder
and community support resulted in the majority of the projects
proposed by WW being implemented.
4.9. Northern growth area IWCM plan
In 2010 the Victorian State government decided to expand
Melbourne's Urban Growth boundary, creating growth areas in the
West, North, and South East. The Northern Growth Area Integrated
Water Cycle Management Plan was created jointly by Melbourne
Water and Yarra Valley Water (YVW) to plan for new growth in the
expanded Urban Growth Boundary to Melbourne's North. The
Northern Growth Area (NGA) which has water and sewerage ser-
vices supplied by YVWand is expected to become home to 380,000
people. This strategy investigated all aspects of the water cycle to
understand the best way to service the water needs of this
incoming community. – PhD Thesis 103
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preferred option that would provide water services at lowest
community cost. YVW determined the community beneﬁt of ﬁve
possible options through a ratio of net present value to multi-
criteria assessment (MCA) score.
Although this strategy is an IWM strategy and recommended an
option that will achieve best community outcomes, there was a
greater focus on water and sewerage infrastructure. YVW was the
lead organisation and their legislative mandate makes them
responsible for only sewerage and water supply. This resulted in
less focus placed on the stormwater and waterways infrastructure
as it was outside YVW responsibility and control.
Many other organisations were invited to provide input into the
assessment, but only the Yarra Valley Water board was required to
approve the completed strategy. For these reasons stakeholder
engagement was not a particularly strong focus of this strategy
with only two stakeholder engagement workshops completed.5. Trialling the scope descriptors
5.1. Characterising the IUWM plan case studies
Now that the IUWM case studies have been described, it is now
possible to use these case studies to trial the IUWM plan scope
descriptors in order to assess their effectiveness as a categorisation
system. Summary information for these case studies is shown in
Table 1.Table 1
Summary of nine IUWM plan case studies.
Name State Description Services Desired
outcom
1. Towards a
Botanic
Colac
VIC IWMplan for Colac, a reasonably small rural
centre in Victoria
All Set obje
2. Review of
IWCM
options for
Fyansford
VIC IWM plan for mainly greenﬁeld suburban
development near Geelong, Victoria
All Recomm
option
portfoli
3. Total
WaterMark
VIC Melbourne City Council water usage and
drainage strategy for highly urban areas of
Melbourne
Drainage &
alternative
water
Set targ
4. Footscray
Activities
Area
VIC IWM plan for highly urban brownﬁeld
development in western Melbourne
All Recomm
option
portfoli
5. SA Water's
Long Term
Plan for
Eyre Region
SA Water security plan for Eyre Peninsula of
SA, largely rural agriculture with some rural
centres
Water
supply
Approv
speciﬁc
options
6. Water
Initiatives
for 2050
VIC IWM plan for the south east of greater
Melbourne including highly urban,
suburban, agricultural, greenﬁeld, and
brownﬁeld areas
All Set obje
& appro
option
portfoli
7. Water
Forever
South West
WA Water security plan for South Western
region of WA, largely rural agriculture with
some rural centres
Water
supply
Approv
speciﬁc
options
8. Western
Water
Recycled
Water
Strategy
VIC Recycled Water Plan for outer western
Melbourne areas, mainly agriculture but
some residential uses
Sewerage
&
alternative
water
Approv
speciﬁc
options
9. Northern
Growth
Area IWCM
Plan
VIC IWMplan forMelbourne's Northern growth
area, mainly greenﬁeld suburban
development
All Set obje
& appro
option
portfoli
Lachlan Guthrie –5.2. Trialling the width descriptors
The concept of width considers how broad the scope of the
IUWM plan is. Most infrastructure planning strategies outside of
thewater sector only consider one service at a time, for example gas
or electricity. Water is unique in that an IUWM plan can either
consider one service, or can consider multiple simultaneously
(Anderson and Iyaduri, 2003). For example, an IUWM plan that
considered both water and sewer has a much greater width than an
IUWM plan that only considers water. For this reason number of
services considered has been included in the set of scope
descriptors.
To categorise any infrastructure planning strategy there is a
clear need to consider the size of the geographic area and the
population impacted. The planning process to complete a strategy
for the entire state of Victoria would need to be very different to
one investigating only its capital city of Melbourne. While the
populations are relatively similar, the larger area, and a wider va-
riety of land and water uses, requires a different process. Likewise,
the processes undertaken to complete an IUWM plan for Metro-
politan Melbourne and the Shire of Wellington in Eastern Victoria,
while they are similar areas, their different populations and levels
of development require entirely different infrastructure consider-
ations. For these reasons both population and geographic size have
been included in the set of scope descriptors.
5.2.1. Services considered
There are at least three main water services, water supply,e
How were others
engaged
How were options
assessed
What decisions were made
ctives Led by small group of
stakeholders, little
community
engagement
Low modelling and
assessment detail
Finance and regulation
agreed to by all parties
end
o
Led by small group of
stakeholders, no
existing community
Low modelling and
assessment detail
Finance and regulation
agreed to by all parties
ets Little stakeholder or
community
engagement
Low modelling and
assessment detail
Only internal decision
taking required
end
o
Little stakeholder or
community
engagement
Several detailed
options assessed with
detailed modelling
Implementation
agreements not sought
e Few external
stakeholders, high
amounts of
community
engagement
Several options
assessed in a high-
level manor
Only internal decision
taking required, option
implementation delayed
until needed
ctives
ve
o
Led by large group of
stakeholders, some
community
engagement
More than ten
detailed options
assessed with
detailed modelling
Finance and regulation
agreement sought, but not
achieved by all parties
e Few external
stakeholders, high
amounts of
community
engagement
82 options assessed
in a high-level manor
Only internal decision
taking required, option
implementation delayed
until needed
e Little stakeholder or
community
engagement
Low modelling and
assessment detail
Only internal decision
taking required
ctives
ve
o
Some stakeholder
engagement, no
existing community
Several detailed
options assessed with
detailed modelling
Finance and regulation
agreement sought, but not
achieved by all parties
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ply service has been divided into potable water and ﬁt-for-purpose
water. This is because the case studies have shown that there is a
large difference between strategies that just consider potable water
and those that consider both potable and non-potable ﬁt-for-pur-
pose water.
Table 2 shows the number of services considered by each of the
case studies. It shows that ﬁve of the case studies consider all four
services, but four consider two services. Case studies 3, 5, 7, and 8
considered both ﬁt-for-purpose water supply and one other water
service.Table 3
People Impacted in the IUWM plan case studies.
Name People Impacted
1. Towards a Botanic Colac 12,000
2. Review of IWCM options for Fyansford 3000
3. Total WaterMark 400,000
4. Footscray Activities Area 13,000
5. SA Water's Long Term Plan for Eyre Region 58,000
6. Water Initiatives for 2050 1,500,000
7. Water Forever South West 75,000
8. Western Water Recycled Water Strategy 154,000
9. Northern Growth Area IWCM Plan 380,0005.2.2. People impacted
In any infrastructure planning strategy it is important to
consider the population impacted. Using the total number of resi-
dents is appropriate when investigating an area which has a rela-
tively stable population throughout the day, week, and year. For
example, the population of Metropolitan Melbourne is reasonably
stable throughout the entire year, so total number of residents
represents the number of people impacted. However some areas
have a very transient population, whether it is workers coming into
the city for work each day, a weekend tourist location, or a beach
town that experiences enormous population increases over sum-
mer. To calculate the people impacted it is more difﬁcult than just
residential population. The WaterMark case study is a good
example of a transient population with much of the area included
in the central business district of Melbourne, where the working
population is six times greater than the residential population. To
be consistent across transient and non-transient populations a
more considered measure could be justiﬁed.
In areas with high proportion of workers in relation to residents,
a calculation is required to determine the number of people
impacted. One can assume that because a working day is approxi-
mately eight hours, one-third of a full day, then one-third of a
working population has equivalent requirements to a residential
population. Therefore, we recommend the use of the below rough
calculation;
In the case of Total WaterMark, the working population is
approximately 732,000, and the residential population is approxi-
mately 122,000. The total people impacted for Total WaterMark has
been calculated below;
Total equivalent populationz
8 working hours a day
24 hours in a day
 732;000 þ 122;000
Total equivalent populationz400;000Table 2
Services considered in the IUWM plan case studies.
Name Servic
1. Towards a Botanic Colac All se
2. Review of IWCM options for Fyansford All se
3. Total WaterMark Drain
Fit-fo
4. Footscray Activities Area All se
5. SA Water's Long Term Plan for Eyre Region Potab
Fit-fo
6. Water Initiatives for 2050 All se
7. Water Forever South West Potab
Fit-fo
8. Western Water Recycled Water Strategy Sewe
Fit-fo
9. Northern Growth Area IWCM Plan All se
Lachlan GuthrieIn the case of large population variance over a week or between
seasons a different rough calculation is required. For example (1):
areas that have much greater population over a weekend should
use two-sevenths of the tourist population plus the permanent
population. Example (2): areas with greater populations during
summer should use one-quarter of the tourist population plus the
permanent population. Example (3): in the occurrence that
different services impact different numbers of people, for example
the whole population of an area has a water supply connection, but
only half have a sewer connection, an average of the people
impacted per service should be used. These example equations are
shown below;
Total equivalent populationz
2 days per weekend
7 days per week
 tourist population þ permenant population (1)
Total equivalent populationz
1 summer
4 seasons per year
 tourist population þ permenant population (2)
Total equivalent populationz

Sewer customers
2
þ Water customers
2

 2 (3)
As this calculation is very rough, the authors believe that ﬁgures
that are less than approximately 0.5 orders of magnitude different
should be considered similar.
Table 3 shows the total people impacted in all of the case
studies. It shows that there is a very broad range in the number of
people impacted across the case studies, with one million, ﬁve
hundred thousand being the largest and three thousand being the
smallest.es considered Number of services considered
rvices 4
rvices 4
age
r-purpose water
2
rvices 4
le Water
r-purpose water
2
rvices 4
le Water
r-purpose water
2
rage
r-purpose water
2
rvices 4
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Similarly to people impacted, the geographic size is very
important and an obvious inclusion as a scope descriptor. The
processes used to create an IUWM plan for an entire state of Vic-
toria would be very different to those required to create an IUWM
plan for a suburb in Melbourne. However, also similar to the dis-
cussion around people impacted, it is currently not clear as to the
best way to express “size”.
Traditionally, Water management is often completed at various
scales divided according to either watershed or governance
boundaries. Furlong et al. (2016b) describe three different scales
appropriate for urban water management in Melbourne; Local,
Sub-regional, and Regional, one could also add neighbourhood as a
smaller scale and state and country as larger scales to this list.
Determining the “scale” of an IUWM plan in this way is very sub-
jective andwouldmake the scale scope descriptor difﬁcult to use or
understand.
In order to ensure that the scope descriptors are easy to use and
more objective, the authors have determined that area is the
preferred measure for geographical size.
As there is potentially enormous variability in these ﬁgures, the
authors believe that ﬁgures that are less than approximately one
order of magnitude different should be considered similar.
Table 4 shows the area for each of the case studies. The largest
area covered by the case studies is the Eyre Region which is
170,000 km2 and the smallest are Footscray and Fyansford, both are
3 km2.
5.3. Trialling the depth descriptors
Perhaps the most logical inclusion for a depth scope descriptor
is the level of technical detail that the IUWMplanwill go into when
investigating the options. This scope descriptor would apply to all
types of infrastructure planning. The other depth scope descriptors
investigate concepts that were found in the literature review. In all
cases, a strong foundational idea was discovered in the literature
which was built upon and nuanced to better describe IUWM plans.
Multiple categorisation systems investigate the level of stake-
holder engagement or involvement. The authors of this study have
decided to use the delineation of inter-organisational and intra-
organisational strategies put forward by Albino et al. (2009) as a
starting point.
During the creation of the case studies it became evident that
the intended outcome of the IUWM plan was vital in determining
what methods are appropriate. The hierarchy of outcomes put
forward by Frondel et al. (2007) and the Golden Circle put forward
by Sinek (2011), both reﬂect the intended outcomes well. The au-
thors used both of thesemodels as starting points to build upon and
create a set of scope descriptors to describe intended outcomes.
5.3.1. Technical detail
Technical detail as the name would suggest investigates howTable 4
Area considered by the IUWM plan case studies.
Name Area
1. Towards a Botanic Colac 150 km2
2. Review of IWCM options for Fyansford 3 km2
3. Total WaterMark 36 km2
4. Footscray Activities Area 3 km2
5. SA Water's Long Term Plan for Eyre Region 170,000 km2
6. Water Initiatives for 2050 3600 km2
7. Water Forever South West 24,000 km2
8. Western Water Recycled Water Strategy 3000 km2
9. Northern Growth Area IWCM Plan 163 km2
Lachlan Guthrie –detailed the “technical” or “engineering” work was during the
development of the IUWM plan, and there are many potential ways
to measure it. One way to measure technical detail would be the
total resources, in dollars, spent completing the technical work.
However, using this as a scope descriptor raises many challenges.
Firstly, it can be difﬁcult and subjective to calculate in kind con-
tributions as a proportion of the total project expenses. Secondly, it
can be very inaccurate as hours, or dollars, put into a strategy does
not necessarily relate directly to strategy outputs. Thirdly, a nega-
tive perception could bemade if onewere to rate an organisation as
having spent more or less than average on an IUWM plan. Lastly,
contracts are often commercial in conﬁdence, and it may not be
possible to release this information. For all these reasons it was
determined to be impossible to include total resources as a scope
descriptor.
Some other objective measures were investigated for this scope
descriptor. These included hours for technical work completed,
number of models used, hours of modelling completed, and types
of modelling completed. All of these potential measures also had
great ﬂaws. The hours of technical work completed was very
difﬁcult to calculate for the same reasons that total resources could
not be used, as described above. It also became apparent to the
researchers that the amount of modelling competed was not an
acceptable proxy for technical detail, as modelling never told the
whole technical picture.
The authors determined that the best way to assess technical
detail was to use a subjective self-assessed score from one to ten.
This score is not ideal because it has a high level of subjectivity, but
objective measures are not viable due to the reasons listed above.
This subjective score should take into consideration;
 Number and detail of modelling processes completed;
 Detail of project planning and design;
 Detail of supply, demand, and budgetary estimates.
It should be made very clear that this scope descriptor is in no
way a judgement of “good” or “bad.” Depending on the context and
objectives of an IUWM plan a low technical detail strategy may be
very appropriate while a high detail strategy may result in wasted
resources or overly complicated and hard to understand outcomes.
The scores in the case studies were created by the industry ex-
perts involved in the case studies in consultation with the re-
searchers. Future use of this scope descriptor should use these case
studies to determine what technical detail rating is most
appropriate.
Table 5 shows the technical detail of each of the case studies.
These scores are relative to one another and therefore are subjec-
tive. Each of these was determined by the authors in consultation
with the contacts. Three of the case studies were highly technical,
being rated 8/10, three others used low technical detail being rated
2/10, and the remainder were rated 3, 4 and 6. Table 1 can beTable 5
Technical detail of the IUWM plan case studies.
Name Technical Detail
1. Towards a Botanic Colac 2
2. Review of IWCM options for Fyansford 2
3. Total WaterMark 2
4. Footscray Activities Area 8
5. SA Water's Long Term Plan for Eyre Region 4
6. Water Initiatives for 2050 8
7. Water Forever South West 6
8. Western Water Recycled Water Strategy 3
9. Northern Growth Area IWCM Plan 8
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studies.Table 7
Intended outcomes of all of the IUWM plan case studies.
Name Intended Outcomes5.3.2. Approval authority
The “approval authority” scope descriptor considers whether an
IUWM plan required external approval or not. Albino et al. (2009)
proposed that a plan can be described as either inter-
organisational (conducted by multiple parties) or intra-
organisational (conducted by only one party). A plan conducted
by multiple organisations generally requires approval by multiple
parties, each with potentially competing objectives and budgetary
requirements.
However, some case studies revealed that this dichotomy does
not capture all IUWM plan approval mechanisms. In case studies 5
and 7 there is only one relevant water utility operating within the
strategy regions, but the processes were designed so that approval
was required from an independent panel of experts before ﬁnal
approval from the respective boards of the water utilities. For these
reasons the proposed categorisation system includes three options
for the approval authority scope descriptor as follows below;
 Multi-organisational approval; these plans require approval
from multiple organisations
 External approval; these plans require approval from an inde-
pendent panel of experts and internal approval
 Internal approval; these strategies only require approval by in-
ternal management or the management of the lead organisation
Table 6 shows the approval authority characteristics for each of
the case studies. It shows that therewere four case studies that only
required internal approval, two that required approval from an
independent panel of experts, and three that required approval
from multiple organisations.1. Towards a Botanic Colac Create objectives
2. Review of IWCM options
for Fyansford
Analyse & recommend options
3. Total WaterMark Set targets
4. Footscray Activities Area Analyse & recommend options
5. SA Water's Long Term Plan
for Eyre Region
Analyse, recommend, & approve
options
6. Water Initiatives for 2050 Create objectives & analyse,
recommend, & approve options
7. Water Forever South West Set targets & analyse,
recommend, & approve options
8. Western Water Recycled
Water Strategy
Analyse, recommend, & approve options
9. Northern Growth Area
IWCM Plan
Create objectives & analyse,
recommend, & approve options5.3.3. Intended outcomes
Following analysis of the case studies it became apparent that
many of the case studies intended to achieve different types of
outcomes and that this was crucial in determining the appropriate
methods and processes. Some of the case studies have sought to
determine the overarching objectives for the strategy region, which
can be seen as a “why” question. Examples of overarching objec-
tives are “minimising potable water use” while “maintaining the
ecological health of waterways.” Some case studies have investi-
gated and recommended SMART (Speciﬁc, Measurable, Achievable,
Results focused, and Time bound) targets, which can be seen as
answers to the “how” question. These targets must always be
speciﬁc to the region and the goal that is being investigated, for
example “50% recycled water reuse by 2020”. Other case studies
have investigated speciﬁc projects or options for construction in
their regions, which can be interpreted as the “what” question. An
example of this would be an investigation into a new sewerageTable 6
Approvers of all of the IUWM plan case studies.
Name Approval authority
1. Towards a Botanic Colac Multi-organisational
2. Review of IWCM options for Fyansford Multi-organisational
3. Total WaterMark Internal
4. Footscray Activities Area Internal
5. SA Water's Long Term Plan for Eyre Region External
6. Water Initiatives for 2050 Multi-organisational
7. Water Forever South West External
8. Western Water Recycled Water Strategy Internal
9. Northern Growth Area IWCM Plan Internal
Lachlan Guthrietreatment plant or desalination plant. Strategies can investigate one
or more of these questions.
Furthermore, the case studies reveal three clear stages of option
investigation; analysis, recommendation, and approval. Some case
studies have analysed the options but have stopped short of making
a recommendation, leaving this decision to be made at a later stage.
Other case studies have made a recommendation, but have not
sought approval for implementation planning or agreements from
relevant stakeholders. While other case studies have created or
attempted to create implementation plans with approvals, timings
and schedules.
Fig. 3 below shows the different phases and how they interact.
From investigating the case studies, we can see a logical pro-
gression from the why, to the how, to the what, with the how
sometimes being skipped. For example;
 Case study 2 already had objectives created, without setting
targets the strategy began analysing and then recommending,
but not approving options
 Case study 8 had pre-existing targets, and the strategy only
analysed and recommended options
 Case study 6 set the objectives for each sub-region thenwithout
setting targets began analysis, recommended and achieved
approval the recommendations
 Case study 7 had the objectives already created, then investi-
gated and set targets before analysing but not recommending or
approving optionsFig. 3. Hierarchy of intended outcomes.
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Table 8
Compiled IUWM plan scope descriptors for all of the IUWM plan case studies.
Case study Width Depth
Size (km2) People impacted Services considered Tech. Detail Ext. appro. authority Int. Outcomes
1 150 12,000 4 2 Multi org Create objectives
2 3 3000 4 2 Multi org Analyse & recommend options
3 36 400,000 2 2 Internal Set targets
4 3 13,000 4 8 Internal Analyse & recommend options
5 170,000 58,000 2 4 External Analyse, recommend, & approve options
6 3600 1,500,000 4 8 Multi org Create objectives & analyse, recommend, & approve options
7 24,000 75,000 2 6 External Set targets & analyse, recommend, & approve options
8 3000 154,000 2 3 Internal Analyse, recommend, & approve options
9 163 380,000 4 8 Internal Create objectives & analyse, recommend, & approve options
L. Guthrie et al. / Utilities Policy 48 (2017) 92e102 101As is shown in Table 7, each case study that completes multiple
phases of the hierarchy enters the hierarchy at one point and leaves
at another lower point.
Table 7 shows the intended outcomes of the case studies. There
are two key points that should be noted; (a) ﬁve of the case studies
have aimed to set objectives or targets, this means that themajority
of case studies do not purely investigate options, and (b) all the case
studies move down the hierarchy model, there is no exception to
this rule which validates the consideration that the intended out-
comes are in fact a hierarchy.5.4. Summary of case study scope descriptors
Table 8 shows the compiled IUWM plan scope descriptors for
each of the case studies.
Regarding similarities, one can easily see that case studies 5 and
7 are very similar in both width and depth, and therefore would
offer excellent comparisons to one another. One can also see that
Case studies 1, 2 and 4 are all very similar in width, but that 4 is not
similar in the depth, which manifests itself in very different
methods used during the planning process. Furthermore one can
also see that case studies3 and 8 have a similar width and depth;
these two would also offer good comparisons of one another.6. Discussion and conclusion
There are currently many different types of IUWM plans being
created that cover a broad range of contexts and scales and consider
a board range of stakeholders and outcomes. It is therefore very
difﬁcult to understand the relationships, similarities, and differ-
ences between these strategies. To be able to improve knowledge
sharing, collaboration between organisations, and continual
improvement of strategy processes it is important to be able to
categorise those strategies in regards to certain characteristics. This
study has created a categorisation system that takes preliminary
steps towards ﬁlling this knowledge and practice gap.
Any categorisation system must ensure that it does not include
any potential or perceived negative judgement statement. Natu-
rally, water practitioners would not want to openly admit failures
and would be unlikely to use a system that would require them to
do so. For this reason this study has decided to create a catego-
risation system that describes the scope of the IUWM plan, avoid-
ing any perceived negative judgements.
The study has put forward six scope descriptors, separated into
three “width” and three “depth” scope descriptors. Thewidth scope
descriptors; are services considered, people impacted, and
geographical size. The depth scope descriptors are; technical detail,
approval authority, and intended outcomes. The scope descriptors
were then used to assess nine IUWM plan case studies.
Several beneﬁts to the water industry and academia could beLachlan Guthrie –gained from the use of this categorisation system;
1. Practitioners could use the system to facilitate continual
improvement by comparing previous and current plans and the
particular elements, methods, and processes that can be repli-
cated in future plans.
2. The use of such as system can foster collaboration between or-
ganisations by allowing them to identify the relationships be-
tween various strategies and plans.
3. Scholars could use such a system when creating and dissemi-
nating case studies for research and education purposes.
The primary limitation of the current research is that the
number of case studies conducted has been limited to nine, all of
which have been conducted within Australia. Therefore, while this
study would likely be of some relevance to the international water
community, at this stage, the ﬁndings can only be applied to
Australia.
A key contribution of the current research has been making
explicit the various intended outcomes of Integrated Urban Water
Management plans. Fig. 3 explains that these strategies can (a) set
objectives, (b) set targets, or (c) analyse, recommend and seek to
gain approval for speciﬁc infrastructure options. This information,
while it is likely to be assumed knowledge among many practi-
tioners, is generally not discussed within academic literature.
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5 Building	a	better	understanding	of	industry	perspectives	
regarding	IUWM	
In this chapter there is one publication: 
 Differences in perspectives on Integrated Urban Water Management planning issues
between organisational types in Melbourne’s water sector
Publication 5 has been submitted to the Utilities Policy journal and is currently under review. 
This chapter answers research question 3: Is there a difference in what issues different stakeholders 
believe is most important in IUWM? What issues are most important to each stakeholder? 
Publication 5 investigates which elements of IUWM different types of organisations believe to be 
most important. 
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5.1 Publication	5:	Differences	in	perspectives	on	Integrated	Urban	Water	
Management	planning	issues	between	organisational	types	in	
Melbourne’s	water	sector	
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Abstract 
Integrated Urban Water Management (IUWM) involves a complex web of organisational 
interactions. Each organisation has its own priorities and unique perceptions of problems. This study 
offers two contributions to the research on this topic. First, 14 major issues in IUWM infrastructure 
planning were determined through industry consultation and a literature review. Second, an 
industry survey investigated which issues were most important to which organisations, and results 
show significant differences across organisational types. If the industry can develop an 
understanding of these differences in organisational perspectives, it will provide a starting point for 
better collaboration in integrated water infrastructure planning processes. 
Highlights 
 Use of an industry-wide survey to better understand stakeholders
 Analysis and comparison of 7 previous studies on IUWM barriers
 Identification of 14 major IUWM planning issues
 5 organisation types ranked each IUWM planning issue by level of importance
 Findings could lead to better collaboration between organisations
Keywords 
Integrated Urban Water Management; Barriers; Water Infrastructure Planning. 
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2 
1 Introduction 
1.1 Integrated Urban Water Management 
Under the traditional water management paradigm water infrastructure augmentations have 
generally been planned in a centralised and reactive manner. Water supply, sewerage, and drainage 
systems are managed by independent departments and/or organisations with specified service 
targets (Mukheibir, et al., 2014; CSIRO, 2010). This has allowed water infrastructure planners to 
monitor specific issues and upgrade the system reactively as required, creating a process that is 
relatively straight-forward from a planning and governance perspective (Furlong, et al., 2016a). 
In recent decades, population increases, urbanisation, changing environmental and climatic 
conditions, and increased community concern for environmental factors are causing increased 
pressure on existing water infrastructure systems (Connor, et al., 2017). There is an ever growing 
understanding within public water organisations globally that these issues cannot be addressed 
efficiently with the traditional water planning approach of segregated services and reactive planning 
(Brown, 2005; Marlow, et al., 2013). At its heart the emerging Integrated Urban Water Management 
(IUWM) paradigm aims to integrate the planning of infrastructure portfolios across all water services 
(Global Water Partnership, 2012). Proactive and systematic, as opposed to reactive and disorderly, 
planning in order to create the best possible social, environmental, and economic outcomes for the 
entire community are also central to this paradigm (Closas, et al., 2012; Mitchell, 2006).  
Corresponding to the shift in management and planning style promoted by IUWM, there are 
generally associated effects on physical water infrastructure outcomes. The practical “on-the-
ground” outcomes of the adoption of the IUWM paradigm in Australia have been the 
implementation of “integrated” water infrastructure projects which are typically involving 
wastewater reuse, stormwater quality/quantity management, and/or stormwater reuse (Hunt, et al., 
2006; G. Khouri, 2006; Institute of Sustainable Futures, 2013). Alternative water source projects such 
as recycled wastewater and stormwater provide benefits to multiple services and are seen by many 
as a valuable addition to the water infrastructure portfolios (Wong & Brown, 2009).  
The concept of IUWM is closely linked to many other concepts including Water Sensitive Urban 
Design (WSUD), Sustainable Urban Drainage Systems (SUDs), and Low Impact Development (LID) 
(Fletcher, et al., 2015; Mathews, et al., 2015; Furlong, et al., 2017b), as well as Climate Change 
Adaptation and Nature Based Solutions (Mees & Driessen, 2011). However IUWM as a concept 
specifically alludes to the broader governance, institutional and governance issues that are inherent 
to the implementation of all of these associated concepts (Furlong, et al., 2016c). 
1.2 Understanding stakeholder priorities to support IUWM delivery 
As the water management field is rooted in the tradition of engineering, water infrastructure 
planners have a tendency to treat planning processes as relatively straightforward and linear, 
implying that an expert-driven, centralised and top-down planning model used by many engineering-
related sectors would be appropriate, even for the more innovative “integrated” projects 
(Mukheibir, et al., 2014; Furlong, et al., 2016b). However, in practice, the planning of this 
infrastructure has proven to be complex on multiple levels of planning and implementation (Bell, 
2015). Some of the main reasons for this complexity revolve around the “institutional maze” and 
competing objectives of water authorities, bulk water suppliers, planning agencies and regulators 
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(Brown, 2005; Institute of Sustainable Futures, 2013). Other reasons relate to valuation of benefits, 
timing issues and risk assessment methods (Dobbie & Brown, 2013; Turner, et al., 2016; Marsden 
Jacob Associates, 2013). 
Research has found that IUWM infrastructure projects often reach a stage of business case 
development, but then come up against challenges which result in the cancelation, or long-term 
postponement of their implementation (Furlong, et al., 2017). A significant proportion of these 
challenges is related to the relationships between the various organisations involved in IUWM, and 
also with the community stakeholders. Examples have been found of projects which have been 
cancelled due to excessive stakeholder demands and a lack of trust between organisations (Furlong, 
et al., 2016a). Also, it has been found that in some cases stakeholder consultation is not well 
targeted and results in a view from stakeholders that it has involved wasted resources (Furlong, et 
al., 2016c). Guthrie et al (2016) include many examples of engagement performing poorly and 
actually resulting in greater distrust from stakeholders, because the methods were not targeted to 
specific stakeholders with clear intent prior to the engagement. 
For these reasons, there is significant value in determining which organisations involved in IUWM 
are interested in particular components of (or issues relating to) IUWM planning, so that stakeholder 
consultation can be better targeted, resulting in a higher proportion of IUWM projects being 
successfully implemented, and a higher degree of satisfaction within planning participants.  
1.3 Melbourne, the capital city of the south-eastern Australian state of Victoria, is 
progressive within the IUWM space (Roy, et al., 2008; Green, 2014; Furlong, et 
al., 2016c) and accordingly, has been selected as the case study region for this 
research. In the methodology there is a detailed description of the major 
organisations that are involved in IUWM within Melbourne in order to give the 
background to the subsequent analysis. Conceptual framing for this paper – 
Planning Phases 
Different issues occur in different phases of water infrastructure planning (that is, from when an 
infrastructure challenge or project is first considered until infrastructure solutions are physically built 
and beyond). Therefore it is useful to consider infrastructure planning as something that occurs 
across a number of generic phases/stages. Lichfield (1975) argued that a planning process can be 
split into two different functions: decision analysis and decision taking. The decision analysers are 
the project team, who complete analysis and offer infrastructure recommendations to the decision 
takers for final approval. Decision takers act as either internal or external regulators who review the 
decision analysis and have power to accept or modify planning recommendations. While in practice 
these two functions are sometimes completed by overlapping actors, the authors believe this is an 
important delineation to make. CSIRO (2010) highlighted the importance of policy setting, as 
something which affects later infrastructure planning processes. These two frameworks were chosen 
because they are considered by the authors to be major step changes in infrastructure planning 
methodology.  
With this previous research in mind, for the purposes of this paper, the authors propose three major 
infrastructure planning phases as: (1) Policy setting, (2) Decision analysis, and (3) Decision taking. 
This conceptual breakdown of the IUWM infrastructure planning process is shown in Figure 1. 
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Figure 1 - Proposed delineation between the infrastructure planning phases of Policy setting, 
Decision analysis, and Decision taking 
1.4 Aims of this paper 
Although significant research has been conducted into issues affecting IUWM implementation, no 
previous research has investigated the relative importance of these issues in the eyes of different 
institutions. This research therefore seeks to provide initial exploration of this issue, in order to 
facilitate more detailed research on this topic in the future. A tentative hypothesis is proposed that: 
institutions are most concerned about the issues that they directly manage. 
Using an extensive industry consultation process, this study aims to build on previous research on 
IUWM by: 
1. Creating a comprehensive list of IUWM infrastructure planning issues, including those
already identified in the literature and categorising these issues into the planning phases of
policy setting, decision analysis, and decision taking. This outcome can be found in section
3.1 and 3.2.
2. Understanding which issues are of a particular concern to which organisational types. This
outcome can be found in section 3.3.
This research has utilised Melbourne as the study location, and IUWM infrastructure planning as the 
process being investigated. The specific results of this research are unique to IUWM planning within 
Melbourne, although the implications, principles and methodology behind this work extend to any 
infrastructure planning process which requires engagement with a variety of stakeholder types. 
2 Method 
Overall there were two main objectives of this study, firstly, to develop a list of the issues affecting 
IUWM planning and then, secondly, to determine the importance of each of these to different 
organisations.  
The first objective involved collection of data through consultation with a group of water industry 
experts. A consultation group of 19 water planning experts, from a variety of academic, public and 
private organisations, was compiled through a combination of two techniques. The first technique, 
Policy setting 
•Align policy with public opinion 
•Provide direction to planners &
approvers 
Decision analysis 
•Identify options
•Conduct analysis
•Give recommendations
Decision taking 
•Review analysis
•Give final approvals
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known as Snowball Sampling, uses expert’s recommendations to find additional experts for 
consultation. The second sampling technique used was Maximal Variation Sampling, where the 
selection process is steered by a desire to ensure a diversity of expert backgrounds (Baumgartner & 
Pahl-Wostl, 2013). Consideration was given to what types of organisations had not already been 
consulted and seeking expert recommendations for contacts from suitable organisations. After the 
interview, meeting minutes were reviewed by each expert for corroboration, and then analysed to 
generate reoccurring themes and issues. 
The list of issues that was generated was then compared with 6 other well regarded lists of issues 
affecting IUWM from existing literature. Some of these issues were referred negatively to as 
barriers, or major challenges, positively as critical success factors, or neutrally as thematic lessons or 
relevant issues. These lists were collated and compared in order to determine areas of alignment 
and overlap and a truthtable was created to demonstrate the interfaces between each. Out of this 
exercise a total of 14 issues were selected for use in the following research stage. These issues were 
then categorised according to the planning phases as a result a list was created that can form a 
framework for understanding IUWM challenges across the infrastructure planning pipeline.  
A survey was then conducted to determine the importance of each of the issues according to the 
opinions of industry experts. In total 43 usable responses were received. The survey gave a 
description of each of the 14 issues identified and then asked each expert to rank them in order 
from one to 14, one being the most important and 14 being the least important. 
Once the survey results were collected, an analysis could be made to determine (1) the level of 
importance of each issue overall, and (2) which issues certain organisations placed a greater level of 
importance compared with other organisations. 
Table 1 below gives a description of the organisation types that were included in the analysis. 
According to the Australian Water Associations State of the Water Sector Report these organisations 
types make up 84% of the Australian Water sector (Australian Water Association, 2015). Following 
the survey, the authors decided that there were not enough responses from research organisations 
therefore responses from researchers were considered in the “average” responses but results for 
the research organisations individually have not been presented. 
Table 1 - Organisation types considered in study 
Organisation 
type label Description 
Number in 
consultation group 
Number 
completed survey 
Bulk supplier 
Manager of bulk water supplies and 
bulk sewerage treatment 
5 13 
Consultant 
A consultant in the area of water 
planning 
3 8 
Government 
body 
Government body in the area of water 
planning 
3 8 
Local 
government 
A local government agency (council) 1 6 
Retailer 
Customer interface for water and 
sewerage 
5 6 
Research 
Academics involved with water 
research centres and/or Universities 
2 2 
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The specific organisations that were engaged with, either in the consultation group or the survey are 
included in the acknowledgements. This group included all the major water organisations in 
Melbourne and several local government agencies. 
Following the survey, analysis was completed to determine the average importance of each issue 
and the importance each organisation type placed on each issue. The authors compared the number 
of survey responses from each organisation type with the Australian Water Associations State of the 
Water Sector Report 2015. While this report did not use the same organisation type breakdown, the 
response percentages were similar and therefore it is most justifiable to calculate the average by 
giving equal weighting to each of the survey respondents. For example, the local government 
responses (six responses) were given six-thirteenths the value of the bulk suppliers (13 responses). 
In order to demonstrate the differences in opinions between organisation types, this study has 
produced spider charts that show the difference between the average ranking for each organisation 
type and overall for all respondents. In these charts (figures 3 – 7), a score of zero indicates that the 
respondents from that organisation type gave the same level of importance to that issue as the rest 
of the respondents, a score of two or more meant that they gave that issue a much greater 
importance than average, and a score of negative two or less meant that they gave the issue a much 
lower importance than average. 
2.1 Melbourne stakeholders in the study 
Melbourne has many different water related organisations, most of which have additional 
responsibilities outside of water services, for example councils also manage roads, waste collection, 
and many other services. Melbourne has four public water organisations, Melbourne Water, the 
bulk supplier for water and sewerage services. Then City West Water, Yarra Valley Water, and South 
East Water are all retailers, providing water and sewerage services to the public in their jurisdictions. 
There are also 32 councils working across many services for their area and state government 
regulators working across the state in the sectors of health, finance, etc. 
Melbourne Water manages the large infrastructure, such as potable water dams and the two main 
sewerage treatment plants. They treat and sell the potable water to retailers who then resell and 
distribute to customers. Sewerage is managed in a similar way, with the retailers acting as the 
customer interface and delivering the sewage to Melbourne Water’s large sewers and treatment 
plants. Stormwater is managed separately, with councils managing local parks and small drains, and 
Melbourne Water responsible for large drainage infrastructure, with a catchment of more than 60ha 
(including many wetlands). 
To add to this complexity, there are several government departments and statutory bodies that are 
stakeholders in Melbourne’s water sector. The Department of Environment, Land, Water & Planning 
is concerned with water and land use planning, and provides policy direction to Melbourne Water 
and the water retailers. Additionally, there is the Department of Health and Human Services 
(regulatory role in human health), the Department of Treasury and Finance (regulatory role in 
spending for large infrastructure projects), the Environmental Protection Authority (controls licenses 
to all stormwater and treated sewage discharges), the Victorian Planning Authority (responsible for 
co-ordinating and approving precinct structure plans). 
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Due to the large number of potential stakeholders and responsible organisations each with different 
responsibilities and strategic objectives, IUWM in Melbourne is an intricate web of interfaces 
between different organisations with a quagmire of potentially competing objectives. 
The general community and community groups, are not typically directly involved in IUWM planning 
processes in Melbourne (Guthrie, et al., 2016). In the majority of cases, local government are 
considered to be an appropriate proxy for the community. In Melbourne, NGOs do not play a 
significant role in the planning of water infrastructure, and so have not been directly considered in 
this analysis. However in other countries, it is likely that NGOs would be another important group to 
address. 
3 Results and discussion 
3.1 Identifying IUWM planning issues 
Substantial research has been conducted into the various issues that obstruct IUWM planning. These 
issues can be discussed in a positive way as aspects that, when considered, improve the likelihood of 
successful IUWM planning, in relation to “critical success factors” (Farrelly & Brown, 2011), or 
“bridges” (Sendzimir, et al., 2008). They can also be discussed in a negative way as aspects that will 
be significant inhibitors to IUWM planning if not considered by the process including “major 
challenges” (Mukheibir, et al., 2014), “key aspects of resistance” (Farrelly & Brown, 2011), “planning 
problems” (Briassoulis, 2004), or “gaps” (OECD, 2011). There are also terms used that are neither 
positive nor negative such as “thematic lessons” (Markey, et al., 2008), and “relevant issues” (Rauch, 
et al., 2005). This study has grouped them all together and given them the non-judgemental name of 
“issues”. 
The first consultation stage of the research involved consulting with 19 experts to determine a list of 
issues affecting IUWM planning, as seen by the industry experts. The industry experts mentioned 12 
issues that impacted the success of IUWM planning and these were then sorted by the authors 
according to where in the planning phases the issue would be most relevant. These issues are shown 
in planning phase order in Table 2 Column 2.  
The authors then cross referenced this list with “issues” found in six highly-cited journal articles 
about barriers to IUWM, to create a succinct list of issues. A “truthtable” was then developed to 
compare each of the lists with one another and to determine if any extra issues needed to be 
included, this truthtable is shown in Table 2.  
The six articles are shown below (in addition to the list developed through consultation), including 
the name used by those authors; 
1. Twelve issues and themes generated from interviews with 19 water planning experts (the
current investigation)
2. Twelve barrier types found by Brown and Farrelly (2009)
3. Nine relevant issues found by Rauch et al. (2005)
4. Ten major challenges found by Mukheibir et al. (2014)
5. Twenty critical success factors & key aspects of resistance found by Farrelly and Brown
(2011)
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6. Ten strategic planning barriers found by Wang (2007)
7. Five water governance gaps found by the OECD (2011)
It is important to note that no one list, including the one that the researchers created through 
industry consultation included all of the issues which were eventually identified, meaning that the 
final list is an extension on previous research. 
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Table 2 – Collated list of IUWM issues in comparison to those identified through consultation and six lists from the literature 
Final framework 
Industry 
consultation 
(Brown & 
Farrelly, 2009a) 
(Rauch, et al., 2005) 
(Mukheibir, et 
al., 2014) 
(Farrelly & Brown, 2011) (Wang, et al., 2007) (OECD, 2011) 
1. Changing 
context & drivers 
Changing 
context & 
drivers 
Lack of political & 
public will 
Local political support 
No clear drivers or 
sense of urgency 
Iconic project status  X Policy gap 
Commitment to 
communities 
A lack of 
leadership and 
political will 
2. Scales of 
planning 
Scales of 
planning 
X X X X Size of Business X 
3. Planning 
pipeline 
Planning 
pipeline 
No long-term 
vision, strategy 
X 
Planning and 
collaboration 
X 
Inadequate Knowledge of 
Planning Processes 
X 
4. Collaboration & 
Integration 
Institutional 
Integration 
Uncoordinated 
institutional 
framework 
Organizational structures 
and norms 
Continuity of individuals 
from stakeholder 
representatives  
Reluctance to Share 
Strategic Ideas with 
Administrative 
gap 
Transdisciplinarity 
Culture and 
capacity 
Type of Industry 
Poor 
communication 
Institutional capacity 
Poor systems 
thinking and 
integration across 
water 
5. Public/private 
interface 
Public planning 
vs private 
planning 
X X X X X X 
6. Appropriate 
level of 
engagement 
Appropriate 
level of 
engagement 
Limited community 
engagement, 
empowerment & 
participation 
Participation 
methodologies used were 
largely unsuitable for the 
target communities 
Citizen 
engagement 
Critical mass of early key 
stakeholder buy-in  
X X 
Enrolling extended 
stakeholders in vision 
Capacities of communities 
to participate were 
overestimated 
Lack of broad stakeholder 
engagement  
Subversive stakeholder 
tactics  
7. Option 
evaluation 
Option 
assessment & 
valuation 
Technocratic path 
dependencies 
X X X X X 
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8. Technical 
capabilities of 
planners 
X 
Lack of 
information, 
knowledge and 
understanding 
Modelling 
Uncoordinated 
methods and 
processes for data 
collection 
‘Over-engineering’ the 
project  
Lack of Expertise 
Capacity gap  Capacity and skills of 
Industry Practitioners  
Lack of Time 
Professional norms and 
practices were not 
adequate 
Unexpected technical 
feasibility outcomes 
Employees & Others 
Persistent and dedicated 
individuals  
9. Risk 
management 
Risk assessment X X X 
Mechanisms for sharing risk Environmental 
Uncertainty/Turbulence 
X 
Government risk aversion  
10 .Cost and 
responsibility 
apportionment 
Cost 
apportionment 
& justification 
Unclear, 
fragmented roles & 
responsibilities 
X 
The lack of an 
agreed unifying 
vision 
Mechanisms for defining 
roles and responsibilities  
X 
Information and 
accountability 
gaps  Poor organisational 
commitment 
Distribution of costs  
Unclear future 
management 
responsibilities  
11. Appropriate 
level of regulation 
Level of 
regulation 
Limits of regulatory 
framework 
X 
Legislation and 
regulation 
Regulatory approval(s)  X X 
12. Funding and 
finance 
Capital funding 
Insufficient 
resources 
X 
Economics and 
finance 
External funding  X Funding gap 
13. Decision 
implementation 
Strategy 
adoption & 
implementation 
X X X 
Sustaining stakeholder 
commitment  
Internal Implementation 
Barriers 
X 
Clear and unwilling 
stakeholder partner  
Business Life-cycle/Stage of 
Development 
14. Post-
evaluation 
X 
Little or no 
monitoring and 
evaluation 
X X 
Approaching the project as 
a learning opportunity  
X X 
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3.2 IUWM planning issues in more detail 
The succinct list of “issues” that were identified in section 3.1 were then broken down into three 
categories according to relevant IUWM infrastructure planning phase. As explained, in the 
introduction, the researchers have adopted the categories of policy setting, decision analysis and 
decision taking. The final list of 14 issues are shown in Table 3 with issue descriptions. Each issue is 
explained in greater detail in the text following the table. 
Table 3 - Issues separated into categories with their descriptions 
Issue Description 
Policy setting 
Changing context & 
drivers 
Accounting for constantly shifting context and drivers 
Scales of planning 
Understanding planning across multiple scales, with larger scale planning 
informing the direction of smaller scale planning 
Planning pipeline 
Ensuring that built infrastructure projects are preceded by and informed by 
infrastructure strategies 
Collaboration & Integration Organisations in the water industry should integrated their planning 
Decision analysis 
Public/private interface 
Understanding the different priorities of public and private organisations, in 
particular with developers 
Appropriate level of 
engagement 
The community and stakeholders must have the opportunity to contribute to 
the planning process, but engagement must be efficient and effective 
Option evaluation 
Justifiable assessment of both market and non-market impacts of potential 
options in a transparent manner to determine realistic planning 
recommendations 
Technical capabilities of 
planners 
It is important to ensure that there are adequate technical expertise and 
capacity of the individuals involved 
Risk management 
Ensuring that risk assessments are comprehensive and are considered in 
option evaluation 
Decision taking 
Funding and finance 
Includes how much funding is available for planning recommendations and 
where it can be collected from, this can be either a barrier (lack of funding) or 
enabler (grants) 
Cost and responsibility 
apportionment 
Costs and responsibility for planning recommendations must be apportioned 
and agreed upon by all parties 
Appropriate level of 
regulation 
Ensuring level of regulation for planning recommendations is appropriate 
Decision 
implementation 
Ensuring that planning recommendations are implemented if they are realistic 
and justified 
Post-evaluation Evaluation of the planning process to maximise learning 
Changing context and drivers 
Many of the experts raised the issue of “changing context and drivers” in relation to the fact that 
while water planning is being done, the outside world and its priorities do not remain static. Factors 
outside of the control of planners such as government (election cycles), regulatory, environmental, 
or public opinion situations may undergo changes which have a serious impact on planning 
outcomes. The consulted experts described specific examples of water projects which have not been 
built, or were not utilised as expected, because of these factors which are entirely external to the 
planning process. In order to plan effectively in the modern world, planners must begin to consider 
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these issues as relevant to the infrastructure planning process (for detailed discussion on this issue 
see Furlong, et al., 2016b). 
Scales of planning 
Scales of planning was discussed extensively by the consulted experts working in government 
bodies. The general idea being that in reality planning is done on multiple scales, by different 
organisations, but should not be conducted entirely independently from other scales. Rather, high 
level and large scale infrastructure planning processes should set the directions for smaller scales of 
infrastructure planning. For example decisions around water supply projects at the city-scale should 
inform decisions around water supply projects at the development-scale (for detailed discussion on 
this issue see Furlong, et al., 2016a).  
Planning pipeline 
Similarly to scales of planning, the issue of the planning pipeline was discussed, not in relation to 
different geographical scales of planning, but in relation to chronological phases that an individual 
planning process goes through (see section 1.3 in this paper). Experts believed that ideally 
infrastructure planning (at any given scale) should include the initial setting of clear policies and 
objectives, holistic analysis of options, and selection of the best option, before specific infrastructure 
projects are designed, approved (decision taking) and implemented. 
Collaboration & Integration 
Unsurprisingly, given the popularity of the concept of integration (a core premise of IUWM), this was 
raised as an issue by a number of experts. Integration here meaning both within and between 
organisations, is widely agreed to be a crucial element in effective water planning. 
Public/private interface 
The interface between public and private planning was discussed mainly in relation to the idea that 
in some cases it is private companies, such as land developers, or large business owners, who fund 
and make decisions on water infrastructure in particular areas. In these situations, the planning 
interface between the private and public organisations needs to be well managed. Private 
companies often have different objectives and priorities to public companies, tending not to value 
externalities (such as environmental or social benefits) as highly as their financial bottom line 
(Brookes, et al., 2011).  
Appropriate level of engagement 
The issue of community engagement was recognised as an important issue by many experts. 
Although, contrary to what was expected, engagement was often discussed in relation to the idea 
that there is such a thing as “too much” (Furlong, et al., 2016c). This opinion was held strongly by 
some experts who had been involved with particular projects that had been stopped or slowed due 
to over engagement with community with either a “not in my backyard” attitude or uniformed bias 
that could not be swayed by evidence (e.g. believing that recycled water was unsafe and unsuitable 
for all uses). One expert also gave an example where feedback could not be incorporated into 
planning outcomes, leaving the community feeling the engagement was disingenuous and less 
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empowered. While every expert stressed the importance of engagement as they are mandated to 
act in the best interests of the public, the consulted experts believed that community engagement 
also needs to be appropriately designed so as to not overly delay the planning process, reduce 
community empowerment by not incorporating expressed community concerns, or manipulate its 
outcomes by focusing on minor complaints rather than major objectives. 
Option evaluation 
Option assessment & valuation is a major issue within Melbourne’s water industry, as there is still 
little agreement on the best way to determine preferred options and calculate the value of 
externalities. If the valuations for non-market impacts are too high then there is a risk of expensive 
environmental and social projects being built, increasing domestic water bills. The discussion on this 
topic revolved around two key points, firstly the hierarchy of valuation from noting but not 
considering externalities, or non-market values being considered but not valued, through to full 
inclusion in cost benefit analysis. Secondly a lack of confidence in the decision support systems being 
used sometimes causes the calculated “preferred option” to not be adopted with planners opting for 
more financially conservative options for inclusion in the infrastructure portfolio (Furlong, et al., 
2017b). 
Technical capabilities of planners 
The technical capabilities of planners was not raised during the consultation but added to the list of 
issues from the literature review. The literature noted that many organisations lacked appropriate 
resources required to conduct effective infrastructure planning processes, in terms of the capacity of 
staff. If this was not addressed, the planning processes would often fail because of the inexperience 
and lack of understanding of the people working on them.  
Risk management 
Risk management issues were mentioned by a number of the consulted experts. These discussions 
were mainly focused around the need to consider a wider variety of risks than are traditionally 
considered when evaluating options. Traditional risks in an engineering based field like public water 
management usually revolve around public health, ensuring adequate supply, basic financial risks 
etc. In recent times a growing number of water infrastructure projects have highlighted the need to 
consider other risks such as climatic, political, regulatory, and growth and demand forecast risks (for 
detailed discussion on this issue see Furlong, et al., 2017). 
Funding and finance 
Funding and finance is a very important issue currently in the Australian water sector. The main way 
that this issue was discussed by the experts was regarding how the financing is often out of the 
control of planners (separation between decision analysis and decision taking as explained in section 
1.3), especially with large projects where politics becomes involved. Some examples were given of 
projects that were assessed to be net present value (NPV) positive, but were not implemented as 
the financial regulator would not permit the capital expenditure. Another issue that was raised was 
the idea of implemented projects that are not NPV positive, that have only been constructed 
because of being allocated government grants. These funding arrangements and the politics that are 
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associated with them, distort the outcomes of planning processes, resulting in large projects only 
going ahead if they receive political support. While some experts were disgruntled because they had 
projects that did not get supported by government and therefore not implemented, the majority of 
the experts reflected on this positively. Projects that brought social or environmental benefits were 
more likely to be implement even if the financial analysis did not stack up (Furlong, et al., 2017; 
Guthrie, et al., 2016). 
Cost and responsibility apportionment 
The consulted experts considered apportionment of cost and responsibility a very important area 
because getting this right ensures that costs are fairly distributed to the organisations that receive 
the benefits. It is also important that these organisations reach agreement over who pays and is 
responsible before an option is recommended for implementation. The experts mentioned several 
occasions where planners have selected a preferred option, expecting the construction and/or 
maintenance costs to be paid for by others, without first gaining agreement (Guthrie, et al., 2016). 
Appropriate level of regulation 
Several experts noted that regulations are too stringent in some aspects of infrastructure planning 
and too relaxed in others. One example of regulation that is seen by some to be too relaxed is that in 
Melbourne only new large-scale developments are subject to stormwater regulations (requirements 
for stormwater management infrastructure such as wetlands), while the degradation of the 
watercourses around Melbourne is continued through urban densification. An example of a 
regulation that may be too stringent is the difficulty obtaining approval from financial and health 
regulators for projects that provide overall community benefits (Furlong, et al., 2017).  
Decision implementation 
There was a strong perception from some experts that decision implementation (after approval is 
received) has not always been adequately considered during past planning processes. Experts 
mentioned several recent high level planning recommendations that were unrealistic and very 
unlikely to be implemented. In these situations, the time, effort and money that has been expended 
in the planning has essentially been wasted, as there have been no practical benefits achieved for 
the community. 
Post-evaluation 
Like the technical capabilities of planners, post-evaluation was only added to the list of issues after 
the literature review. The literature noted that planning processes were rarely viewed as a learning 
opportunity and that often little or no monitoring was undertaken. Parallel case study research by 
the authors of this study has sought to directly address this issue (Guthrie, et al., 2016; Furlong, et 
al., 2016a). 
3.3 Survey results on importance of each issue 
The survey results from 43 participants were tallied and each issue given an average ranking across 
all the respondents. In table 4, the lower the value is, the higher the perceived importance of the 
issue. It should be noted that these ratings could be skewed by what is current practice, for example 
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a rating of high importance may be saying that the respondent thinks that while it is not a critical 
issue it still should receive more attention than it currently gets.  
The average was calculated by giving equal weighting to each of the survey respondents. Therefore 
the local government responses (six responses) were given six-thirteens the value of the bulk 
suppliers (13 responses). 
The majority of the issues received an average rank between six and nine, meaning that 12 of the 14 
issues were within 1.5 of the median ranking of 7.5. There are two outliers to this, collaboration and 
integration which received an average rank of 3.0 (high importance), and post-evaluation receiving 
an average ranking of 11.0 (low importance). Table 4 shows the average ranking of each of the issues 
and has then ranked them according to the overall level of importance. 
Table 4 – Average ranking and importance ranking of each of the issues 
Issue 
Average 
ranking 
Importance 
ranking 
Changing context & drivers 7.7 7 
Scales of planning 6.1 2 
Planning pipeline 7.8 8 
Collaboration & Integration 3.0 1 
Public/private interface 8.9 13 
Appropriate level of engagement 6.9 5 
Option evaluation 7.1 6 
Technical capabilities of planners 7.9 9 
Risk management 8.5 11 
Funding and finance 6.7 3 
Cost and responsibility apportionment 6.8 4 
Appropriate level of regulation 7.9 9 
Decision implementation 8.7 12 
Post-evaluation 11.0 14 
3.3.1 Results by organisation type 
The survey rankings for each of the issues were also calculated for each organisation type. These 
calculations are shown in table 5 below. 
Table 5 - Ranking for each issue for each organisation type 
Issue 
Bulk 
Supplier Consultant Government body Local Government Retailer 
Changing context & 
drivers 
8.2 7.4 7.0 9.8 6.3 
Scales of planning 5.5 7.5 5.9 5.8 6.0 
Planning pipeline 7.2 7.8 6.5 9.2 9.6 
Collaboration & 
Integration 
4.1 3.3 2.4 3.2 1.6 
Public/private 
interface 
7.8 6.8 9.3 8.8 11.6 
Appropriate level of 
engagement 
6.2 6.3 10.8 5.8 5.1 
Option evaluation 7.3 7.3 8.0 6.8 6.3 
Technical capabilities 
of planners 
8.0 8.4 8.4 5.0 8.0 
Risk management 9.3 8.5 8.0 9.8 7.1 
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Funding and finance 6.5 7.3 6.5 6.8 7.6 
Cost and 
responsibility 
apportionment 
7.2 8.0 4.3 8.4 6.0 
Appropriate level of 
regulation 
6.8 7.9 7.4 10.2 9.1 
Decision 
implementation 
9.8 7.5 8.6 8.4 8.3 
Post-evaluation 11.2 11.4 12.1 7.0 12.4 
The majority of the issues received mid-range average scores demonstrating that there is limited 
consensus between the experts as to what is the most important issues for IUWM. Many of the 
issues received high scores from some experts and low from others, resulting in an overall mid-range 
score. This is a similar finding to what was found in the literature that experts may disagree about 
what IUWM actually is (for example whether it is a broad overarching objective or specific method 
or process) and what is important in it (Furlong, et al., 2016d). However, the survey did find two 
outliers. 
Firstly “Collaboration & Integration” was considered by industry to be the most important of all the 
IUWM issues, receiving the highest ranking from all the organisation types. This issue was also the 
only issue identified in some form by all of the seven lists. In a wider literature search this issue was 
sometimes talked about in terms of co-operation between sectors or disciplines (Rauch, et al., 2005; 
Brown, et al., 2011; Wang, et al., 2007; Raadgever, et al., 2008), governmental administration levels 
either across hierarchies or juridical boundaries in policy (Markey, et al., 2008; Raadgever, et al., 
2008; OECD, 2011) or institutional arrangements (Brown & Farrelly, 2009a; Rauch, et al., 2005; 
Brown, et al., 2009b; Sendzimir, et al., 2008), and sometimes leading to difficulties defining problems 
(Briassoulis, 2004). This issue was also discussed in the literature regarding communication and 
creating structures that facilitate and foster better communication (Brown & Farrelly, 2009a), 
integration (Mouritz & Shepherd, 2006; Farrelly & Brown, 2011) (Mukheibir, et al., 2014; Brown, et 
al., 2011; Wang, et al., 2007), and capacity building  between stakeholder organisations (Mukheibir, 
et al., 2014). When one considers that this IUWM issue has been researched so thoroughly and 
considers so many important elements, it is not surprising that practitioners found it to the be most 
important issue even though they cannot agree on what IUWM actually is (Furlong, et al., 2016d).  
Secondly “Post evaluation” was considered by industry to be the least important of all the issues. 
This was also evident from the literature as relatively little research had mentioned it with only two 
studies, both by the same researchers, including post evaluation (Brown & Farrelly, 2009a; Farrelly & 
Brown, 2011). The fact that experts ranked post evaluation as low as they did clearly demonstrates 
that the IUWM experts do not believe that post-evaluation is an important aspect of IUWM. This 
may indicate that the industry has an unwillingness to look back at the success or failures of IUWM 
planning. More research in the future may be warranted in regards to why experts consider post-
evaluation to be a low priority. 
In the rest of the results sections the results are discussed relative to the average and the language 
used is always in reference to the average ranking for that issue. For example, local government 
placed ranked integration and collaboration at 3.2), and post evaluation  at 7.0. The averages for 
integration and collaboration was very high (3.0) and very low for post evaluation (11.0). Therefore, 
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local government ranks integration and collaboration similarly to other stakeholder groups (-0.2), 
and post evaluation much more highly than other stakeholder groups (+4.0). 
3.3.2 Difference in priorities between organisations 
Survey results appear to indicate that organisations place a higher importance on the issues that 
relate to phases of the planning process that they are most involved in. This is shown in Figure 2. 
Bulk suppliers, and consultants, who are required to take a broad perspective in their work, including 
policy, analysis and approvals, view all phases of planning to be equally important. Retailers and 
Local Government consider analysis to be the most important, and whereas Government Bodies 
consider issues relating to analysis to be the least important. 
Figure 2 - Comparison between the overall average ranking and the average ranking of each 
organisation type of the planning phases 
The following sections go into detail regarding priorities within each of the organisation types. To 
show the difference between opinions of different types of organisations, this study has produced 
several spider charts. The spider charts shows the average ranking for each organisation type 
compared with the overall average ranking. For example, in figure 3, compared with the average, 
bulk suppliers place the same level of importance on the appropriate level of engagement, a higher 
level of importance on the appropriate level of regulation, and a lower level of importance on 
decision implementation. To make them easier to read the charts also include a black filled area to 
indicate zero. 
Bulk suppliers 
As shown in figure 3, the bulk supplier’s average ranking is quite similar to the overall ranking with 
no issue having an average ranking difference greater than 1.1. Also, figure 2 showed a relatively 
even distribution between the three planning phases for bulk supplier results. These two things 
show that the opinions of bulk suppliers are very closely aligned with the overall opinions of the 
IUWM sector and are active in all parts of IUWM planning. This finding was expected because the 
bulk suppliers are involved in every phase of IUWM and need to have a strong working relationship 
with all stakeholders throughout the water industry. 
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Figure 3 – Difference between average ranking of the bulk suppliers and the overall average 
ranking 
Consultants 
Like the bulk suppliers, the consultants have given all the issues and each planning phase a similar 
average ranking to the overall, the only exception is a greater importance placed on the 
public/private interface. This is expected as consultants work across all planning phases and with all 
stakeholders, therefore their views should closely reflect that of the broader sector. However, being 
the only non-public group it was expected that they would place a greater importance on the 
public/private interface as they would have this more centre of mind than other organisation types. 
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Figure 4 – Difference between average ranking of the consultants and the overall average ranking 
Government body 
When ranking the planning phases, the government bodies placed less importance on decision 
analysis and more importance on decision taking and policy setting. In regards to specific issues 
government bodies have placed a greater importance on cost and responsibility apportionment and 
less on the appropriate level of engagement. The reason for this may be that the government bodies 
are most involved in the policy setting and decision taking, but rarely involve themselves directly in 
decision analysis planning phases or engage with the community directly.  
The findings of this study show that Cost and Responsibility apportionment are very important to 
government bodies. Therefore, future planning processes that require approval from government 
bodies should ensure that cost and responsibility for implementing what is outlined in the strategy is 
fully considered and agreed upon during the planning process. 
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Figure 5 – Difference between average ranking of the government bodies and the overall average 
ranking 
Local Government 
Local government showed the greatest difference in their average ranking compared with the 
overall average, with four of the issues having an average ranking difference greater than 2. This 
shows that there is a high amount of segregation between local government and the rest of the 
sector. Local government placed a much higher level of importance on decision analysis, and a lower 
level of importance on policy setting.  
Local government placed a high priority on technical capabilities of practitioners and post 
evaluation. This may indicate that (a) local government is concerned about their lack of capacity to 
develop and implement IUWM strategies and projects, and (b) there is concern around maintenance 
and long-term performance of council projects (Dobbie & Brown, 2013). Therefore it is important 
when completing an IUWM planning process, that if local government will be involved, then their 
technical capacity needs to be considered and long-term performance and maintenance of assets 
has been considered. 
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Figure 6 – Difference between average ranking of local government and the overall average 
ranking 
Retailer 
Retailers placed a higher level of importance on decision analysis, but gave equal level of importance 
to decision taking and policy setting compared with the rest of the sector. This is because like local 
government the majority of their work is in decision analysis but they are somewhat involved in both 
policy setting and decision taking. 
There was only one issue that they were significantly different from the average and that was the 
public/private partnership. This was a surprising result as retailers work closely with developers from 
the private sector. This may indicate that retailers consider theirs and the developers interests 
closely linked and therefore see the interface between them as an easy relationship to manage. 
More research could be warranted to understand this relationship between retailers and the private 
sector. 
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Figure 7 – Difference between average ranking of retailers and the overall average ranking 
4 Discussion and conclusion 
There is an ever growing consensus within water management literature and practice across the 
world that the water sector is evolving from being a top-down, segregated, engineering-dominated 
field, towards a collaborative, integrated, cross-disciplinary field (Bell, 2015). This shift can be 
described using any number of emerging terminological framings such as IUWM, Water Sensitive 
Urban Design, Low Impact Development, Nature Based Solutions etc. However one common thread 
across all emerging paradigms is the need for increased collaboration, and therefore, stakeholder 
engagement. This means that institutions will increasingly need to understand the interests and 
priorities of their stakeholders, in order to enable more productive collaboration and engagement.  
Extensive research has previously been conducted into the barriers to the adoption of IUWM and 
related ideologies in Australia. However no prior research has ever compared the relative 
importance that is placed on these issues, across different institutional types. The current research 
progresses the existing body of knowledge in two three key ways.  
Firstly a more list of issues affecting the implementation of IUWM is created through the 
combination of the literature review and the industry consultation, and then categorised in terms of 
where they fit into the planning phases of: policy setting, decision analysis, and decision taking. 
Categorising issues in this way is an important step towards moving somewhat abstract issues 
towards issues that practitioners are able to address barriers in their day-to-day work. 
Importantly, the issues presented in this paper are not purely hypothetical, but have been validated 
through in-depth case study research that has been conducted in parallel with the current research 
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(Guthrie, et al., 2016). The references listed in section 3.2 provide interested readers with further in-
depth exploration of these issues by the authors, for example on planning scales (Furlong, et al., 
2016a), funding and financial regulation (Furlong, et al., 2017), and appropriate levels of 
engagement (Furlong, et al., 2016c). The intention in this paper has not been to provide in-depth 
discussion on these issues, but rather a comprehensive and categorised list. 
Secondly, this research is the first paper that quantifiably ranks the importance of different IUWM 
implementation issues to different institutional types in Australia. The current research has provided 
an initial exploration of this issue, and confirmed the hypothesis that, in general, practitioners are 
most concerned about issues that they deal with directly. 
Results from the survey show that different institutional types have significantly different opinions 
around which IUWM issues are most important. This is most evident from Figure 2, which shows, for 
example, that water retailers and local government care primarily about analysis and design of 
strategies and projects, whereas state government is primarily concerned with policy setting, 
regulation and approvals. These priorities align directly with their work areas.  
While these results are not surprising, they are certainly important. As stakeholder engagement 
literature has noted, it is very important to tailor engagement actions and materials to the 
stakeholder you are engaging with (Carson, 2008). It is equally important to move away from 
Habermasian, purely “fact based” and “power of the better argument” approaches to participation 
of the 1980’s (Healy, 2009). This is not unique to the water sector, with parallels that can be drawn 
to almost all professional fields including: the energy sector (Hall, et al., 2013; Jami & Walsh, 2014), 
community and international development (Brown & Wyatt, 2010; IDEO, 2015), and waste 
management (Healy, 2009). The current research has not attempted to provide a comprehensive 
how-to guide for engagement within the water sector, but it does highlight the importance of 
tailoring engagement towards what target audiences are most interested in, which is, whatever 
issues they have the most contact with in their work. 
Thirdly, some specific outcomes from the survey are interesting in their own right. For example 
when engaging with government bodies it is important to focus on responsibility and cost 
apportionment, and when engaging with  local government it is important to focus on technical 
capabilities and post evaluation. Some of the results from the survey, were not expected, and could 
warrant further investigation including: (1) why Melbourne’s water sector, other than local 
government, places a lower importance on post evaluation, and (2) why local government rankings 
were so drastically different to all other stakeholders, perhaps implying a lack of effective 
communication channels. 
These specific survey results cannot be generalised to other cities and countries. In particular, water 
governance arrangements vary across the world, and the organisational types presented in this 
study are specifically those found in Melbourne. In other cities, different stakeholder groups would 
be relevant, for example in many countries NGOs may have an important role in the planning of 
water infrastructure.  
However the authors propose that the core conclusion of the research, that different institutional 
types place different priorities on issues depending on their exposure to those issues, can be 
generalised to all cities and countries. We propose that through tailoring engagement methods to 
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match stakeholder organisational priorities, planners can improve the effectiveness of collaborative 
and integrated planning approaches. Through this tailoring it is hoped that the water sector can 
advance their methods of stakeholder engagement towards a more stakeholder-centred approach. 
5 Acknowledgments 
The authors would like to thank the experts that gave up their valuable time to assist with this study. 
These experts came from the following organisations AECOM, Aroona Alliance, Australian Water 
Association, City West Water, CSIRO, DELWP, Department of Water, E2Designlab, G&M Connellan 
Consultants, Hume City Council, Logan City Council, Macedon Ranges Shire, Melbourne Water, SA 
Water, South East Water, Sydney Water, the City of Melbourne, the Metropolitan Planning 
Authority, the Monash University CRC for Water Sensitive Cities, the Office of Living Victoria, Water 
Corporation, WISER Analysis, and Yarra Valley Water 
6 Bibliography 
Allan, C. & Curtis, A., 2003. Learning to implement adaptive management. Natural Resource 
Management, 6(1), pp. 25-30. 
Australian Water Association, 2015. State of the Water Sector Report 2015, Sydney: Australian Water 
Association. 
Banks, M. A., 2006. Towards a continuum of scholarship: The eventual collapse of the distinction 
between grey and non-grey literature. Publishing Research Quarterly, 22(1), pp. 4-11. 
Baumgartner, T. & Pahl-Wostl, C., 2013. UN-Water and its role in global water governance. Ecology 
and Society, 18(3). 
Bell, S., 2015. Renegotiating urban water. Progress in Planning, Volume 96, pp. 1-28. 
Berkes, F., 2009. Evolution of co-management: Role of knowledge generation, bridging organizations 
and social learning. Journal of Environmental Management, 90(5), p. 1692–1702. 
Bouwer, H., 2000. Integrated Water Management: Emerging issues and challenges. Agricultural 
Water Management, Volume 45, pp. 217-228. 
Briassoulis, H., 2004. The institutional complexity of environmental policy and. Journal of 
Environmental Planning and Management planning problems: the example of Mediterranean 
desertification, 47(1), pp. 115-135. 
Brookes, K., Brown, R. & Morrison, P., 2011. A case study analysis of the critical factors influencing a 
private land developer adopting water sensitive urban design. Porto Alegre, Brazil, 12th International 
Conference on Urban Drainage. 
Brown, R., Ashley, R. & Farrelly, M., 2011. Political and professional agency entrapment: an agenda 
for urban water research. Water Resources Management, 25(15), pp. 4037-4050. 
Lachlan Guthrie – PhD Thesis 135
25 
 
Brown, R., Farrelly, M. & Keath, N., 2009b. Practitioner perceptions of social and institutional 
barriers to advancing a diverse water source approach in Australia. International Journal of Water 
Resources Development, 25(1), pp. 15-28. 
Brown, R. R., 2005. Impediments to Integrated Urban Stormwater Management: The Need for 
Institutional Reform. Environmental Management, 36(3), pp. 455-468. 
Brown, R. R. & Farrelly, M. A., 2009a. Delivering sustainable urban water management: a review of 
the hurdles we face. Water Science and Technology, 59(5), pp. 839-846. 
Brown, T. & Wyatt, J., 2010. Design thinking for social innovation IDEO. Development Outreach, 
12(1), pp. 29-31. 
Carson, L., 2008. The IAP2 Spectrum: Larry Susskind in conversation with IAP2 members. 
International Journal of Public Participation, 2(2), pp. 67-84. 
Closas, A., Schuring, M. & Rodriguez, D., 2012. Integrated Urban Water Management - Lessons and 
Recommendations from Regional Experiences in Latin America, Central Asia, and Africa, Washington: 
The World Bank. 
Connor, R. et al., 2017. The United Nations World Water Development Report 2017. Wastewater: 
The Untapped Resource, s.l.: United Nations. 
Creswell, J. W., 2014. Research design: Qualitative, quantitative, and mixed methods approaches. 4th 
ed. Three Oaks, California: Sage Publications. 
CSIRO, 2010. Integrated Urban Water Management Planning Manual, Highett: Water research 
foundation. 
de Graaf, R. E. et al., 2011. Perspectives on innovation: a survey of the Dutch urban water sector. 
Urban Water Journal, 8(1), pp. 1-12. 
Dobbie, M. & Brown, R., 2013. Integrated urban water management in the water-sensitive city: 
Systems, silos and practitioners' risk perceptions. Water, 40(4), pp. 83-91. 
Farrelly, M. & Brown, R., 2011. Rethinking urban water management: Experimentation as a way 
forward?. Global Environmental Change, Volume 21, p. 721–732. 
Fletcher, T. D. et al., 2015. SUDS, LID, BMPs, WSUD and more–The evolution and application of 
terminology surrounding urban drainage. Urban Water Journal, 12(7), pp. 525-542. 
Furlong, C. et al., 2017b. Key concepts for Integrated Urban Water Management infrastructure 
planning: Lessons from Melbourne. Utilities Policy, Volume 45, pp. 84-96. 
Furlong, C. et al., 2017. Risk management, financial evaluation and funding for wastewater and 
stormwater reuse projects. Journal of Environmental Management, Volume 191, pp. 83-95. 
Furlong, C., De Silva, S. & Guthrie, L., 2016a. Planning scales and approval processes for IUWM 
infrastructure. Water Policy, Volume 18, p. 783–802. 
Lachlan Guthrie – PhD Thesis 136
26 
Furlong, C., De Silva, S., Guthrie, L. & Considine, R., 2016b. Developing a water infrastructure 
planning framework for the complex modern planning environment. Utilities Policy, Volume 38, pp. 
1-10.
Furlong, C., Gan, K. & De Silva, S., 2016c. Governance of Integrated Urban Water Management in 
Melbourne, Australia. Utilitites Policy, Volume 43, pp. 48-58. 
Furlong, C., Guthrie, L. & De Silva, S., 2016d. Understanding Integrated Urban Water Management as 
an ideology, method and objective. Water eJournal. 
Furlong, C., Guthrie, L., De Silva, S. & Considine, R., 2015. Analysing the terminology of integration in 
the water management field. Water Policy, Volume 17, pp. 46-60. 
G. Khouri, 2006. Integrated Water Cycle Management: "An Australian Perspective". s.l.:European
Water Publications.
Glaser, B. G., 1965. The Constant Comparative Method of Qualitative Analysis. Social Problems, 
12(4), pp. 436-445. 
Global Water Partnership, 2012. Integrated urban water management, Stockholm: GWP Tec 
background papers. 
Green, M., 2014. Smarter urban water: why Melbourne needed to catch and store. The Guardian, 30 
July.  
Guthrie, L., Furlong, C. & de Silva, S., 2016. Improving Planning Processes for Integrated Urban Water 
Management Infrastructure, Melbourne: Water Research Australia. 
Hall, N., Ashworth, P. & Devine-Wright, P., 2013. Societal acceptance of wind farms: Analysis of four 
common themes across Australian case studies. Energy Policy, Issue 58, pp. 200-208. 
Healy, S., 2009. Towards an epistemology of public participation. Journal of Environmental 
Management, Volume 90, pp. 1644-1654. 
Huitema, D. et al., 2009. Adaptive Water Governance: Assessing the Institutional Prescriptions of 
Adaptive (Co-)Management from a Governance Perspective and Defining a Research Agenda. 
Ecology and Society, 14(1), p. 26. 
Hunt, J., Anda, M., Matthew, K. & Ho, G., 2006. A water efficiency rating system for land 
developments implementing integrated urban water management. Water Supply, 6(2), pp. 1 - 7. 
IDEO, 2015. The Field Guide to Human-Centered Design. 1st ed. Canada: IDEO. 
Institute of Sustainable Futures, 2013. Building industry capability to make recycled water 
investment decisions. Sydney: s.n. 
Jami, A. A. & Walsh, P. R., 2014. The role of public participation in identifying stakeholder synergies 
in wind power project development: The case study of Ontario, Canada. Renewable Energy, Volume 
68, pp. 194-202. 
Lachlan Guthrie – PhD Thesis 137
27 
Keremane, G. B., Wu, Z. & McKay, J. M., 2014. Is Organisational Culture a Barrier to Implementing 
Integrated Urban Water Management in Adelaide?. Journal of the Australian Water Association, 
41(8), pp. 27-29. 
Lichfield, N., Kettle, P. & Whitbread, M., 1975. Evaluation in the Planning Process. Oxford: Pergamon 
Press Offices. 
Malano, H., Arora, M. & Rathnayaka, K., 2014. Integrated Water Cycle Modelling of the Urban/Peri-
urban Continuum. The Security of Water, Food, Energy and Liveability of Cities, Volume 71, pp. 11-
26. 
Markey, S., Halseth, G. & Manson, D., 2008. Challenging the inevitability of rural decline: Advancing 
the policy of place in northern British Columbia. Journal of Rural Studies, Volume 24, pp. 409-421. 
Marlow, D. R., Moglia, M., Cook, S. & Beale, D. J., 2013. Towards sustainable urban water 
management: A critical reassessment. Water research, Volume 47, pp. 7150-7161. 
Marsden Jacob Associates, 2013. Economic viability of recycled water schemes, Brisbane: Australian 
Water Recycling Centre of Excellence. 
Mathews, T., Lo, A. Y. & Byrne, J. A., 2015. Reconceptualizing green infrastructure for climate change 
adaptation: Barriers to adoption and drivers for uptake by spatial planners. Landscape and Urban 
Planning, Volume 138, pp. 155-163. 
Mees, H. L. P. & Driessen, P. P., 2011. Adaptation to climate change in urban areas: Climate-greening 
London, Rotterdam, and Toronto. Climate Law, 2(2), pp. 251-280. 
Mitchell, V. G., 2006. Applying Integrated Urban Water Management Concepts: A Review of 
Australian Experience. Environmental Management, 37(5), p. 589 – 605. 
Morison, P. J. & Brown, R. R., 2011. Understanding the Nature of Publics and Local Policy 
Commitment to Water Sensitive Urban Design. Landscape and Urban Planning, Issue 99, pp. 83-92. 
Mouritz, M. & Shepherd, S. J., 2006. Achieving Integrated Urban Water Management via the 
Planning System in WA. Clayton, Vic, Monash University, pp. 1105 - 1112. 
Mukheibir, P., Gallet, D. & Howe, C., 2014. What's getting in the way of a One Water approach to 
water services planning and management?. Water, pp. 67-73. 
OECD, 2011. WATER GOVERNANCE IN OECD COUNTRIES: A MULTI-LEVEL APPROACH, Paris: OECD. 
Pearson, L. J., Coggen, A., Proctor, W. & Smith, T. F., 2010. A Sustainable Decision Support 
Framework for Urban Water Management. Water Resources Management, 24(2), pp. 363-376. 
Raadgever, T. G. et al., 2008. Assessing Management Regimes in Transboundary River Basins: Do 
They Support Adaptive Management?. Ecology and Society, 13(1). 
Rauch, W., Seggelke, K., Brown, R. & Krebs, P., 2005. Integrated Approaches in Urban Storm 
Drainage: Where Do We Stand?. Environmental Management, 35(4), pp. 396-409. 
Lachlan Guthrie – PhD Thesis 138
28 
 
Roy, A. H. et al., 2008. Impediments and solutions to sustainable, watershed-scale urban stormwater 
management: lessons from Australia and the United States. Environmental Management, 42(2), pp. 
344-359. 
Sendzimir, J. et al., 2008. Assessing the Resilience of a River Management Regime: Informal Learning 
in a Shadow Network in the Tisza River Basin. Ecology and Society, 13(1). 
Sharma, A. K. et al., 2008. Assessing integrated water management options for urban developments 
– Canberra case study. Urban Water Journal, 5(2), p. 147–159. 
Sutherland, A., da Silva Wells, C., Darteh, B. & Butterworth, J., 2012. Researchers as actors in urban 
water governance? Perspectives on learning alliances as an innovative mechanism for change. 
International Journal of Water, 6(3-4), pp. 311-329. 
Turner, A. et al., 2016. Recycled water–lessons from Australia on dealing with risk and uncertainty. 
Water Practice and Technology, 11(1), pp. 127-138. 
Vörösmarty , C. J., Green, P., Salisbury, J. & Lammers, R. B., 2000. Global water resources: 
vulnerability from climate change and population growth. Science, 289(5477), pp. 284-288. 
Vugteveen, P. & Lenders, H. J. R., 2009. The Duality of Integrated Water Management: Science, 
Policy or both?. Journal of Integrative Environmental Sciences, 6(1), pp. 51-67. 
Wang, C., Walker, E. & Redmond, J., 2007. Explaining the Lack of Strategic Planning in SMEs: The 
Importance of Owner Motivation, Perth: Edith Cowan University. 
Wong, T. H. F. & Brown, R. R., 2009. The water sensitive city: principles for practice. Water Science & 
Technology, 60(3), p. 673 – 682. 
 
 
Lachlan Guthrie – PhD Thesis 139
Lachlan Guthrie – PhD Thesis   Page 140 
6 Strengthening	the	understanding	of	why	IUWM	strategies	succeed	
through	the	lens	of	Human	Centred	Design	
In this chapter there is one publication: 
 Understanding success factors of Integrated Urban Water Management strategies using the
lens of Human Centred Design
Publication five has been submitted to the Utilities Policy journal and is currently under review. 
This publication answers research question 4: What is the best and most effective way to engage 
with stakeholders? 
This chapter analyses the case studies through the lens of Human Centred Design to determine what 
the most effective way to engage with stakeholders is. Publication 6 includes a literature review 
which is similar to the literature review featured in publication 1 about the terminology of Human 
Centred Design. 
Publication 6 only discusses seven of the case studies. This is because Total Watermark and Western 
Water’s Recycled Water Strategy were not considered to have any external stakeholders and 
therefore could not offer insights into Human Centred Design. 
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6.1 Publication	6:	Understanding	success	factors	of	Integrated	Urban	
Water	Management	strategies	using	the	lens	of	Human	Centred	Design	
Understanding success-factors of 
Integrated Urban Water Management 
strategies using the lens of Human 
Centred Design 
Lachlan Guthrie1, Saman De Silva1, Nick John Brown2, Casey Furlong3 and 4 
1 School of Engineering, RMIT university 
2 Engineers Without Borders Australia 
3 GHD Pty 
4 Centre for Urban Research, RMIT University 
Key words 
• Integrated water management
• Human centred design
• Stakeholder engagement
Highlights 
• Human Centred Design is an empathy based problem solving methodology
• HCD is used extensively in international development
• 7 IUWM planning case studies have been evaluated through HCD lens
• Strategies with more HCD principles are more successful
Abstract 
Integrated Urban Water Management (IUWM) is an approach that involves making decisions around 
water supply, sewerage and drainage in an integrated way. The Australian water sector considers 
IUWM to be important, but many implementation barriers exist. This study investigates the 
proposition that using planning processes in accordance with “Human Centred Design” (HCD) 
principles correlates with IUWM implementation success, through examining seven IUWM strategy 
case studies. It is found that strategies in accordance with HCD principles were more successful in 
terms of relational outcomes and also more likely to result in implementation of recommendations. 
1 Introduction 
1.1 Integrated Urban Water Management strategies 
Traditionally, urban water has been planned and managed as three separate services, water supply, 
sewerage, and drainage. Each service has typically been planned and managed by separate 
companies or separate departments, with different service specific targets (Mukheibir, et al., 2014; 
CSIRO, 2010). This allowed for centralised and reactive planning, constructing service specific 
Lachlan Guthrie – PhD Thesis 142
augmentations as required, through a relatively straight forward and linear planning process 
(Furlong, et al., 2016a). 
However, there is a growing body of knowledge suggesting that this segmented and reactive 
approach to water planning and management will not be able to efficiently meet the water service 
needs of the future (Brown, 2005; Marlow, et al., 2013). As water utilities face increasing pressures 
from climate change, population growth, urbanisation, and environmental degradation (Connor, et 
al., 2017) there is an increasing need to move away from reactively managing segregated water 
services towards an integrated approach (Global Water Partnership, 2012). 
Integrated Urban Water Management (IUWM) is an approach that promotes proactively planning 
and managing water infrastructure holistically, considering all water services, and a triple bottom 
line (environmental, social, and economic) simultaneously, to design infrastructure that provides the 
best outcomes for the community (Closas, et al., 2012; Mitchell, 2006; Furlong, et al., 2015). IUWM 
must also be proactive in its planning, not just reacting when service augmentations are imminently 
required (Global Water Partnership, 2012; Closas, et al., 2012; Mitchell, 2006). 
IUWM approaches to planning often result in recommendations for water projects that 
simultaneously provide benefits across multiple services. For example, recycled water projects have 
an impact on sewerage and water supply services, and stormwater reuse projects have an impact on 
drainage and water supply services. These types of projects are therefore often considered IUWM 
projects (Hunt, et al., 2006; G. Khouri, 2006; Institute of Sustainable Futures, 2013). However, IUWM 
planning is not necessarily required to manifest into integrated water projects, as long as the 
aforementioned core concepts are included (Furlong, et al., 2016d). 
It is important to make a distinction between IUWM strategies/plans and IUWM projects. IUWM 
strategies are discrete formalised planning processes that determine the optimal infrastructure for 
specified geographical area, when considering multiple services in a holistic and proactive manner 
(Guthrie, et al., 2017). IUWM projects are individual pieces of water infrastructure that have impacts 
on multiple water services (Furlong, et al., 2016a). This study focuses its attentions on IUWM 
strategies. 
As can be seen in figure 1, IUWM strategies occur at different scales, with strategies at higher scales 
informing decisions around projects on the same scale, and also informing strategies at smaller 
scales (Furlong, et al., 2016a). For example, a regional strategy (e.g. all of metropolitan Melbourne) 
informs decisions around large infrastructure projects (e.g. desalination plants and dams) that 
impact the entire region, as well as sub-regional strategies (e.g. the south-eastern area of 
Melbourne).  
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 Figure 1 - Visualisation of water infrastructure planning responsibilities divided across scales (Furlong, et al., 2016a) 
In its simplest form, the process for the development of an IUWM strategy/plan follows the rational 
planning tradition: problem definition, identification of possible options, selection of the best 
option, and then implementation, or development of an implementation plan (Hudson, et al., 1979).  
They often involve focused efforts towards stakeholder engagement (Ferguson, et al., 2013) and/or 
a robust option selection process using multi criteria assessment or holistic cost benefit analyses 
(Marsden Jacob Associates, 2013; Sharma, et al., 2010). 
1.2 IUWM through a Human Centred Design lens 
Very limited research has so far been conducted into IUWM strategies processes, and the factors 
that determine success. Guthrie et al. (2016) conducted an investigation into 9 IUWM strategy case 
studies and came up with 21 recommendations for process improvements, 14 of which related to 
how the planners engaged with stakeholders or the community.  
The purpose of this study is to extend the work of Guthrie et al. (2016) by reanalysing the process 
and outcomes from the IUWM strategy case studies using the conceptual lens of Human Centred 
Design (HCD), a well-regarded problem solving methodology that particularly focuses on 
engagement processes. It is provisionally hypothesised that that there will be a correlation between 
IUWM strategy success and processes that are in accordance with the well-established engagement 
principles found in HCD.  
This hypothesis will be tested through a thorough literature review into HCD to determine relevant 
established engagement principles, followed by an assessment of IUWM strategy process and 
outcomes, to determine if there are any observable correlations. This is interesting for two key 
reasons: (1) if there is a correlation then this adds additional validation to the engagement principles 
used in HCD, and (2) results will provide indication of how to improve IUWM processes in the future 
in order to make them more successful.  
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2 Method 
The methodology for this paper involves the following main stages: (1) literature review on HCD, (2) 
creation of HCD lenses and (3) reassessment of previously completed case studies. 
2.1 Literature review on Human Centre Design 
The literature review was conducted to determine the uses of Human Centred Design (HCD), 
generally and more specifically in infrastructure planning processes. Wherever possible, relevant 
work was identified through the use of internet academic databases. As the application of HCD can 
be broad, the literature review incorporated organisation reports, articles, books as well as journal 
and conference articles. Where the application of HCD was mentioned in non-peer reviewed articles 
the authors cross checked the information presented. Whilst not restricted explicitly to, examples of 
application in Australia were preferred. Additionally, networks of the authors were utilised to 
identify examples of HCD being used in infrastructure planning.  
2.2 Creation of HCD lenses 
This study used the IDEO field guide to Human Centred Design (2015) to identify the HCD principles 
which were used to create an HCD lens. For the purposes of this research both methods and 
mindsets as described by the field guide were considered ‘principles’. The authors reviewed each of 
the examples with the field guide and marked if the example showed that it employed any of the 
principles were strong features of the strategy. Each time an example strongly featured a principle it 
would be counted once, therefore if an example featured seven principles it would receive a rating 
of seven out of 15. 
Some of the methods were considered to be standard project management methods and were not 
counted towards any of the case studies. Examples of these from the IDEO field guide (2015) include 
brainstorming (page 94), creating frameworks (page 89), and resource assessments (page 137). 
Similarly, some methods were too specific and the examples were not detailed enough to make an 
accurate assessment on whether or not the principle had featured or not. These principles would 
also not be considered for counting towards ratings. Examples of these include explore your hunch 
(page 84), get visual (page 101), and creating insight statements (page 81). In total there were 15 
HCD principles identified. 
2.3 Assessing outcomes of the examples 
This study used seven water management infrastructure strategy case studies that have previously 
been created as examples. The case studies and the findings from the case studies have been 
presented in detail in Guthrie et al (2016) and Guthrie et al (2017). The HCD lens can be used to 
determine to what extent an HCD approach was used in each example. After the lens were applied, 
the authors could analyse the outcomes of each case study and determine if use of HCD principles 
resulted in more successful IUWM strategies. 
Assessing the success of an IUWM strategy can be difficult, as it is at least partially subjective, and 
involves consideration of the degree to which a strategy is approved and/or implemented (Guthrie, 
et al., 2017). In some instances, a strategy may be formally approved/endorsed but the 
infrastructure recommendations never implemented, likewise a strategy may never be formally 
approved/endorsed but the infrastructure recommendations may be implemented. Furthermore, a 
key consideration in strategy success is the impact on the ongoing relationships between 
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stakeholders. Therefore, to assess the success of the examples considered in this paper the authors 
decided simplify ‘success’ down to (1) ‘relational impacts’ and the (2) ‘infrastructure 
implementability’ of each strategy. Information to determine these two criteria was available in the 
previously created case studies which were based on extended desk-top studies and numerous 
interviews on each case. 
3 Literature review 
3.1 Victorian context 
3.1.1 Victorian water management stakeholders 
Victoria, the Australian state where five of the seven examples have occurred, is seen as somewhat 
of a leader in the IUWM space, in particular it’s capital city Melbourne (Roy, et al., 2008; Green, 
2014; Furlong, et al., 2016c). Further, Victoria has many different and interrelated water focused 
public organisations; these many stakeholders increase the complexity of any water planning in the 
state. 
Victoria is divided into 19 different rural and urban water authorities. The urban water authorities 
provide residential customers with water and sewerage services. While the rural water authorities 
provide bulk water (and sometimes bulk sewer) services as well as looking after drainage and salinity 
in each of their catchments (Department of Envrionment, Land, Water, and Planning, 2018). While 
some of the regional urban water authorities are also rural water authorities, this governance 
structure means that most areas in Victoria have two (or more) water authorities that are direct 
stakeholders of any IUWM strategy. 
As well as the water authorities Victoria also has 79 municipal districts or Local Government Areas 
(LGAs). Each LGA has responsibility to provide drainage services and they are therefore vital and 
direct stakeholders of any IUWM strategy being created. However, drainage is only one of the 
functions of LGAs and it is important to note that LGAs also provide a large number of services 
including roads, waste collection, and multiple maintenance functions. Therefore, while LGAs are an 
important stakeholder in water management, they are by no means wholly devoted to water as the 
water authorities are (and are therefore not always experts on water issues). The boundaries 
between LGAs rarely align with those of the water authorities meaning that many areas would need 
to consider multiple LGAs, as well as multiple water authorities, in an IUWM strategy. 
On top of this, Victoria has a number of state government departments or statutory authorities that 
provide governance functions in water planning. The Department of Environment, Land, Water & 
Planning (DELWP) oversees water in the context of land use planning, providing policy direction to 
the water authorities. The Department of Health and Human Services (considers human health), the 
Department of Treasury and Finance (approves budgets for large infrastructure projects), and the 
Environmental Protection Authority (provides and monitors licenses to all stormwater and treated 
sewage discharges and the environment in general) all provide regulatory functions in their defined 
sector and become important stakeholders in any IUWM strategy.  
To add to the complexity, these stakeholders also often have differing opinions of what is most 
important to include in an IUWM plan. This all leads to a difficult to manage and navigate web of 
potential stakeholder interactions and relationships and a quagmire of different objectives and 
goals, some of which are competing and conflicting. 
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To illustrate this point, one of the examples used in this study (Water Initiatives for 2050), 
considered the area inside the boundary of one urban water authority, but needed to consider the 
views of over 50 different stakeholder groups, including 15 different LGAs (Guthrie, et al., 2016). 
3.1.2 Stakeholder priorities in IUWM 
As mentioned before traditionally water management is planned in a relatively straightforward and 
linear manner using top down, centralised planning processes (Mukheibir, et al., 2014; Furlong, et 
al., 2016b). However, the practice of water planning (in particular with the stakeholders that must 
be considered in Victoria) is more complex than a straightforward planning process would allude to 
(Brown, 2005; Institute of Sustainable Futures, 2013; Bell, 2015; Dobbie & Brown, 2013; Turner, et 
al., 2016). 
Research has shown that applying top-down, linear, technocratic planning processes to IUWM 
planning can often lead to a failure to get approval/endorsement/buy-in from the wide variety of 
stakeholders involved. A significant reason behind these failed processes has been shown to relate 
to relationships and interactions with stakeholders (Furlong, et al., 2017). Often excessive 
stakeholder requirements not identified early in the planning process begins with the lack of a 
trusting relationship between the stakeholders, wasting time a resources, and often making the 
relationships worse for any future engagement between those stakeholders (Furlong, et al., 2016a; 
Furlong, et al., 2016c; Guthrie, et al., 2016). 
The situation in Victoria, which requires the engagement of multiple stakeholders across multiple 
scales with often intersecting geographical and sectorial jurisdictions, has been the topic of much 
research, but it is not unique. There exist many similarities in many jurisdictions around the world. 
Simply put, there is nowhere in the world that public and stakeholder engagement is easy and not 
important. 
Public and stakeholder engagement has progressed throughout recent decades, with the 1980’s 
Habermasian “power of the better argument” (Healy, 2009) based engagement methods now 
becoming less popular in recent years, for methods that engage with stakeholders more holistic 
promoted by IAP2 (Carson, 2008). With these trends in infrastructure planning in general the water 
sector has also been included. Recently there has been a greater push from the Australian Water 
Association to incorporate customer centricity (Australian Water Association, 2016; Australian Water 
Association, 2017) a term very similar to public empowerment. Water practioners have shown that 
they believe Collaboration to be at the heart of IUWM, and that tailoring of engagement methods is 
the best way forward to meet these engagement needs (Furlong, et al., 2016d). 
3.2 Human Centred Design 
Design processes, skills and techniques are critical in the development of engineering services, 
products and strategies. Traditional engineering design processes have clear procedural stages 
making progress easy to track and the process simple to replicate across projects. These traditional 
processes tend to treat the user as the subject of the design with the responsible authority taking a 
removed, top-down, authoritative approach (Furlong, et al., 2016b).  
Traditional design processes have the tendency to rush the designer/planner into a given solution in 
an efficient manner, resulting in irreversible decisions being made in the early stages of design (i.e. 
being ‘locked in’ to an infrastructure plan). In comparison, HCD calls for a distinctly non-procedural 
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approach which gives prominence to “human needs, capabilities, and behaviour first, then designs 
to accommodate those needs, capabilities and ways of behaving” (Norman, 2013). To achieve this 
HCD has the user act as a collaborator or co-designer in the process which is more people focussed.  
Over time there has been a shift across many fields and sectors from a ‘design for’ (expert-led) mind-
set to one where solutions are co-created with users described as a ‘design with’ or ‘design by’ 
(collaborative) mind-set (Liem & Sanders, 2011). In engineering this can be described as a shift from 
technocratic approaches to sociocratic approaches (Furlong, et al., 2016b). Krippendorff (2005) 
argues that there has been a recent shift away from a ‘technology centred’ view, (where amongst 
other things people are regarded as illogical and machines are viewed as orderly) to a ‘human 
centred’ view (where people are seen as creative and machines are regarded as rigid). There are 
many styles of design/planning that span between the traditional approaches and human centred 
approaches (Liem & Sanders, 2011). 
The term Human Centred Design (HCD) refers to a design/planning style or approach rather than a 
specific process, one in which the design is developed with stakeholders incorporated throughout. 
There are at least eight different terms which are used similarly to HCD (e.g. user-centred design and 
people centred design), which can be considered an umbrella term (Zhang & Dong, 2008). One of 
these terms is ‘Participatory Design’ which achieves insights and ownership “through involving 
selected community members, and wider stakeholders, in all aspects of the design process and aims 
to create a collaborative partnership between the designer and the community” (Drain, et al., 2017). 
Whilst there are so many terms being used for Human Centred Design approaches, there are 
common elements under the umbrella of HCD. Zoltowsi, Oakes, & Cardella, (2012) note that “all 
definitions describe human-centred design as distinct from simply the design of something that is 
user-friendly; instead, human-centred design involves and values stakeholders throughout the 
process rather than checking for user friendliness at the end of the process”. This is so important 
because time after time, a lack of understanding, or empathy of the user has led to the failure of 
design in a range of contexts (Zoltowsi, et al., 2012). 
3.2.1 How is Human Centred Design used 
As there is no set definition of Human Centred Design, there is also no set process, rather 
organisations adapt and create their own frameworks. The organisation IDEO.org is generally seen as 
a leader in HCD and its framework has been developed more specifically for product and service 
delivery in less developed countries. As an example, Medic Mobile, was inspired by the IDEO.org 
framework to use a human centred approach to “design, build, deliver, and support open-source 
software for health workers and health systems” (Medic Mobile, 2017; IDEO.org, 2017). Also in the 
development sector Engineers Without Borders Australia has a modified HCD approach that has 
been used both in engineering education and in development practice (Engineers Without Borders 
Australia, 2017a). 
In humanitarian (developing or emergency) engineering contexts there is a legacy of ignoring 
community needs, ultimately leading to the failure of the project’s desired outcomes. In a 
development context, the needs, capabilities and behaviours of communities are ultimately critical 
to success. By having users design their own products there is a greater sense of ownership and 
therefore more likely achieve sustained adoption (a state where a user employs a technology and 
regularly maintains it over an extended period of time). This ‘design with’ process has been 
Lachlan Guthrie – PhD Thesis 148
successfully employed in development contexts such as co-designing with people with disability to 
create inclusive agricultural tools in rural Cambodia (Drain, et al., 2017).  
The lessons learnt from the application of HCD in developing contexts can also be applied in 
developed contexts, examples of which range from health systems (Harte, et al., 2017), education 
(Luckin, et al., 2006), and computer interaction (Ritter, et al., 2014), as well as into the co-design of 
work spaces (Cawood, et al., 2016). Additionally, the use of HCD for the development of services, 
products and strategies are becoming more mainstream with some of the world’s largest companies 
like Apple and P&G using HCD (Zhang & Dong, 2008). 
3.2.2 Human Centred Design approaches and techniques 
Whilst there may be slight variations in the different HCD processes there are also similarities. In 
table 1 the key phases of HCD frameworks from IDEO.org, Stanford’s d.School and Engineers 
Without Borders (EWB) Australia are listed (IDEO.org, 2017; Stanford DSchool, 2013; Engineers 
Without Borders Australia, 2017a). There are other examples of organisations developing their own 
HCD frameworks and as well as organisations that specifically study the application of HCD (Human 
Centred Design Institute, 2017; Ohorizons, 2017). While all of these HCD processes vary slightly they 
all have key components and utilise similar techniques. 
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Table 1 - Similarities in three Human Centred Design approaches 
IDEO.org Stanford’s d.School EWB Australia 
Inspiration Empathize Discovery 
Ideation Define Empathise 
Implementation Ideate Ideate 
Prototype Screen 
Test Prototype 
Communicate 
One key tenant of HCD is the fact that the process can be very non-linear, as such these phases can 
be considered to as ‘spaces’ with the designer/planner encouraged to move between spaces as 
required. This removes the concept of a linear progression through a set of targets and not being 
able to move onto the next stage until the previous one has been completed. The designer/planner 
is supposed to remain impartial and not impose their preferences and force the outcome. A good 
designer/planner is able to empower others to drive the final design solution. The idea being that if 
you empathetically understand a person, then you can tailor your efforts to meet their actual needs 
resulting in better outcomes for not only the individual but for all involved (IDEO.org, 2017).  
In order to get the most out of each of these spaces, there are a range of tools and methods to 
support the designer. In many instances these are methods known to designers not following a HCD 
process. The number of methods used is extensive, for example when considering the empathising 
space tools utilised may include: interviewing, stakeholder analysis, problem framing, day in the life 
analysis, visual journals (IDEO, 2015).  
3.2.3 Principles of Human Centred Design 
The IDEO Field Guide to Human Centred Design (2015) includes a large number of methods and 
mindsets which can be used in any HCD process. As mentioned in the method section, these 
methods and mindsets can be considered under the umbrella term of principles and have formed 
the HCD lens through which the examples will be assessed. With some methods and mindsets 
remove because they were too detailed or if they could be considered ‘standard’ project 
management, the entire list of 15 HCD principles, used in the lens are below. 
• Empathy
• Learn from failure
• Iterate
• Frame your design
• Immersion
• Find themes
• Co-Creation session
• Gut check
• Storyboard
• Get feedback
• Integrate feedback and iterate
• Roadmap
• Funding strategy
• Monitor and evaluate
• Keep getting feedback
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3.2.4 Application of Human Centred Design in infrastructure 
The application of HCD might be most associated with product design, however, there are many 
applications in services and built environment. Most relevant to this study in water infrastructure 
projects and water infrastructure planning there have been applications of HCD at a small or 
medium scale, serving a community of a few hundred people, which use HCD in the development of 
sanitation solutions for communities in Cambodia (Engineers Without Borders Australia, 2017b; 
IDEO.org, 2017).  
In a developed context there have also been applications of HCD in built environment and 
infrastructure planning, such as prototyping the use of roads in order to create infrastructure plans 
(Rowe, 2013). The phrase ‘Tactical Urbanism’ relates to making temporary changes to the build 
environment and can be used in order to prototype proposed infrastructure or infrastructure 
changes including in Australia and New Zealand (Hartley, et al., 2014). For the Acland Street Precinct 
Renewal Project in Melbourne, the urban design team used HCD to determine how to use public 
space that was developed by changing road and tram links (CoDesign Studio, 2017). 
There are also examples of Human Centred Design being a key tenant in the innovative delivery of 
engineering infrastructure projects in Australia. One such example is EWB Connect which “aims to 
facilitate a mind-set shift and capability lift in the infrastructure profession towards greater social 
value creation and a culture of pro bono engineering” (Engineers Without Borders Australia, 2017c). 
An important part of this initiative is the professional development of engineers to consider social 
value creation, cross cultural awareness and importantly use Human Centred Design.  
One example of this in action is the collaboration between engineering company Arup, EWB Connect 
and The Centre for Appropriate Technology (CAT) to improve the safety and reliability of the Port 
Steward community water supply for the Yintingga Aboriginal Corporation (Engineers Without 
Borders Australia, 2017d). In this instance a community liaison representative from CAT who had 
been working with the community for 10 years was able to support parts of the design process, with 
the community being empowered to take ownership of the completed design.  
Another example, in 2015 Sydney Water adopted a Human Centred Design approach in a customer 
experience project to understand customers’ needs and pain points (Sydney Water, 2016). This 
project utilised HCD techniques such as observation studies, immersion scenarios, co-creation and 
prototyping.  
3.2.5 Application of HCD to IUWM strategies 
There have been some instances of HCD being applied on larger scale infrastructure projects, 
however there isn’t widespread use of HCD approaches for large scale infrastructure planning 
(Giacomin, 2014). One of the reasons for this is the question of scale. At first glance HCD appears to 
be tailored towards product development; requiring a level of engagement that might not be 
possible for city scale infrastructure projects such as those developed from Integrated Urban Water 
Management in Australia. Looking at the definitions of HCD it is clear that both engagement and 
empowerment are required but incorporating empathy prototyping and testing for a community of 
thousands or even millions of people may seem time consuming, costly and/or unnecessary.  
One design approach, falling under the HCD umbrella, is Participatory Design which focusses on 
gaining meaningful insights about a community whilst empowering that community to have 
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ownership over the design and its outputs (Holmlid, 2009). Participatory Design has been 
successfully employed for relatively small populations but there is nothing to suggest that using the 
same or similar principals could not be applied on the larger scale (Drain, et al., 2017). Participatory 
Design achieves insights and ownership “through involving selected community members, and wider 
stakeholders, in all aspects of the design process and aims to create a collaborative partnership 
between the designer and the community” (Sanders, et al., 2010). This suggests that if sampling is 
done correctly and with the challenge is if collaborative communities could be established in 
instances where an infrastructure planning project involves potentially hundreds of thousands of 
people. If so, then the principals of HCD may be applicable on a larger scale.  
In engineering there tends to be a slow take up of new design approaches and so the adoption of 
some of the human centred techniques is a way to subtly change design behaviour when working on 
large scale project planning and design (Liem & Sanders, 2011).  
This study investigates the concept that HCD techniques/principles, can be applied to integrated 
urban water management infrastructure planning to create better outcomes ensuring that the 
design “involves and values stakeholders throughout the process rather than checking for user 
friendliness at the end of the process” (Zoltowsi, et al., 2012). 
4 Results 
The seven water infrastructure planning strategies used as examples to investigate the use of human 
centred design in the Australian water sector has been detailed briefly below and then summarised 
in table 2. The examples have been summarised from the report entitled “Improving Planning 
Processes for Integrated Urban Water Management Infrastructure” (Guthrie, et al., 2016). 
4.1 Towards a Botanic Colac 
Towards a Botanic Colac is the IUWM plan for a rural Victorian town of Colac. The strategy was led 
by the local water authority and the major external stakeholder was the local council. Planners took 
local government needs and capabilities into consideration at every stage with a strong focus on 
empathy and understanding of the local government planners. Major deliverables were produced 
with that main objective that they would clearly communicate key ideas, principles, and how they 
would look in years in the future for each solution with local government. 
Strategy recommendations were taken on by the council and the implementing partners. Further 
there was a strong collaborative relationship fostered between local government and the water 
authority responsible for the strategy. These strengthened relationships were seen by the water 
authority as the main benefit of the strategy. 
In total eleven out of 15 HCD principles were found to be used in Towards a Botanic Colac; Empathy, 
Iterate, Frame your design, Immersion, Find themes, Co-Creation session, Gut check, Storyboard, 
Roadmap, Funding strategy, and Monitor and evaluate. 
4.2 Review of IWCM options for Fyansford 
Review of IWCM options for Fyansford was an IUWM strategy for a new development on the 
outskirts of Geelong in Victoria. The Fyansford development was separated into 9 separate sections, 
each with their own developer in control of development. While the strategy was being managed by 
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the water authority, they had little control over the strategy recommendations, as they would need 
approval from each developer. 
Each developer was treated independently by the planners with information produced in a way that 
allowed developers to make decisions on their terms in the manner that they decided suited their 
needs the best. These decisions all fell within the acceptable limits of the relevant government acts. 
Storyboarding was something that the water authority used very often; to give the developer visual 
representation of what the developments would look like with each decision. 
The strategy recommendations were taken and this process fostered a greater collaborative 
relationship between the water authority and the developers. The water authority noted that using 
this method they were able to get the developer to agree to more environmentally sustainable and 
socially conscious elements than they believed would otherwise have been included. 
In total eleven out of 15 HCD principles were found to be used in Towards a Botanic Colac; Empathy, 
Iterate, Frame your design, Immersion, Find themes, Co-Creation session, Gut check, Storyboard, 
Roadmap, Funding strategy, and Monitor and evaluate. 
4.3 Footscray Activities Area 
The Footscray Activities Area was a local government development plan and this example was the 
strategy that the water authority created to provide guidance to the water aspects of a wider council 
plan. Planners completed this strategy without consultation of any kind with local government or 
other stakeholders. No consideration was given to post evaluation or the capabilities of planners 
from other organisations. 
The wider council strategy was not moved forward with, so this strategy was unused and did not 
change any relationships or influence any infrastructure. 
The authors could not find any HCD principles used in this strategy. 
4.4 Northern Growth Area IWCM Plan 
The Northern Growth Area IWCM Plan was an IUWM strategy for the northern region of Melbourne. 
Local governments that were covered by this region were very important stakeholders as well as all 
Water retailers, Bulk Suppliers, Research institutions, and Government bodies. Water authority 
planners undertook a single round of stakeholder consultation completed without considerations to 
apportioning responsibilities, regulation, or post evaluation. A highly technical strategy ensued 
which was not fully understood by all the stakeholders involved, in particular the councils. 
Strategy was not accepted by stakeholders before being absorbed into another strategy and 
eventually stopped. Relationships of the stakeholders involved in this strategy were strained. 
The authors found one HCD principle was used; Find themes. 
4.5 Water Initiatives for 2050 
Water Initiatives for 2050 was an IUWM strategy for the South-East region of Melbourne. This 
strategy had a particular important focus on the many local government areas that were covered 
inside the bounds of the area but also needed to consider Water retailers, Bulk Suppliers, Research 
institutions, and Government bodies. Planners engaged with stakeholders across monthly 
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stakeholder meetings for the full length of the process. Each stakeholder’s needs and capabilities 
were considered individually at each of these meetings. Costs and responsibilities were apportioned 
towards the end of the strategy for each of the recommendations, with post evaluation methods put 
in place. Because regulators and implementers were at the same table, regulation was discussed and 
agreed upon in a productive and constructive way prior to the completion of the strategy. 
While the strategy was never formally approved as a whole, many recommendations of the strategy 
were taken up in other strategies and have since been completed. The relationships that were 
fostered through this process have also been invaluable for the Victorian water industry. Further, 
this strategic planning method has been adopted by many strategies in Victoria moving forward. 
In total seven out of 15 HCD principles were found to be used in this strategy; Empathy, Iterate, 
Immersion, Find themes, Get feedback, Integrate feedback and iterate, and Monitor and evaluate. 
4.6 Water Forever South West 
Water Forever South West was a water supply strategy for the South West region in Western 
Australia. Multiple rounds of community engagement were completed with community told how 
their feedback was considered at many of those stages. Further, the process was somewhat iterative 
so that planners could include elements of public feedback. A steering committee was engaged 
which led them to the strategy being accepted by government. Other than the steering committee 
this strategy had regulatory and local government external stakeholders. 
The strategy was accepted by all stakeholders and was proceeding to a detailed planning phase. 
Even though the water security pressures have eased since this strategy was planned many of these 
solutions have gone ahead as they are still seen to benefit the community. The planners feel that the 
community is much more engaged with the water authority now moving forward. The water 
authority believes that the iterative and empathic community and stakeholder engagement that was 
used through this strategy was the main reason behind the improved relationships with customers 
and this example has been held as national best practice. 
In total seven out of 15 HCD principles were used; Empathy, Immersion, Get feedback, Integrate 
feedback and iterate, Roadmap, Funding strategy, and Keep getting feedback 
4.7 Long Term Plan for Eyre Region 
Long term Plan for the Eyre Region was a water supply strategy for the Eyre region in rural South 
Australia. Planners completed many stages of community engagement but following the 
engagement gave “Community acceptability of option” a total of 1% weighting in the multi criteria 
assessment. Consequently a solution that the community found unacceptable formed part of the 
recommendations. As the water authority was the main funder of any solution to come out of this 
strategy, cost apportionment was not required and not completed. As the only external stakeholders 
identified were government bodies a steering committee was engaged which led them to the 
strategy being accepted. 
The strategy was accepted by the government and was proceeding to detailed planning phases. 
However, the millennium drought broke, which was the main driver for the strategy, and the 
infrastructure recommended in this strategy was put on hold to be reassessed at a later date. While 
it could be fair to say that climatic changes were the main cause of the strategy not being 
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implemented, Water Forever South West faced the same issue but still went into further stages of 
planning for many of their projects.  
The authors could not find any HCD principles used in this strategy. 
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4.8 Summary of results 
Table 2 - Summary of examples with HCD lens and outcomes 
Name Key external stakeholders 
HCD principles 
(out of 15) Relational outcomes 
Infrastructure 
implementability 
Towards a Botanic Colac Local Government 
11 Greatly improved 
relationships with 
stakeholders 
Highly implementable 
infrastructure 
recommendations 
Review of IWCM options for 
Fyansford  
Private (developers) 
11 Greatly improved 
relationships with 
stakeholders 
Highly implementable 
infrastructure 
recommendations 
Footscray Activities Area  Local Government 
0 Relationships not 
impacted 
Infrastructure never 
implemented 
Northern Growth Area IWCM 
Plan 
Local Government 
Water retailers 
Bulk Suppliers 
Government bodies 
1 
Stakeholder 
relationships 
worsened 
Infrastructure never 
implemented 
Water Initiatives for 2050  
Local Government 
Water retailers 
Bulk Suppliers 
Government bodies 
7 Greatly improved 
relationships with 
stakeholders 
Highly implementable 
infrastructure 
recommendations 
Water Forever South West 
Local Government 
Government bodies 
7 Improved 
relationships with 
stakeholders 
Highly implementable 
infrastructure 
recommendations 
Long Term Plan for Eyre Region  Government bodies 0 
Stakeholder 
relationships slightly 
worsened 
Infrastructure never 
implemented because 
of external reasons 
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5 Discussion 
As HCD has most often been used at the community scale (or smaller) it is not surprising that it is the 
smallest scale examples that we see the most prevalence of HCD principles. Both the Barwon Water 
examples Towards a Botanic Colac and Review of IWCM options for Fyansford used 11 out of 15 HCD 
principles the most of any of the examples. These two case studies can draw particular comparisons 
with the similar scaled example the Footscray Activities Area which employed no HCD principles. 
Looking at these three examples it is clear to see that the two that rated higher on the HCD lens 
were more successful in both relational and infrastructure outcomes.  
One can also draw comparisons between the Water Initiatives for 2050 and Northern Growth Area 
IWCM Plan examples as these are both on a similar scale. One of these examples Water Initiatives 
for 2050 rated highly in HCD principles, while Northern Growth Area IWCM Plan rated poorly. Again, 
it was the example rated higher on the HCD principles that produced significantly better relational 
and infrastructure outcomes. 
The final two examples that one can draw comparisons between are SA Water’s Long Term Plan for 
Eyre Region and Water Forever South West. Again one can clearly see that the example that was 
rated higher through the HCD lens achieve better relational and infrastructure outcomes. Water 
Forever South West used the deep empathy, feedback and immersion techniques that then lead the 
planners to outline roadmaps, and a funding strategy for the strategy. This was ultimately why one 
example achieved better outcomes than the other. 
The comparison between SA Water’s Long Term Plan for Eyre Region and Water Forever South West 
is very interesting because both undertook extensive community engagement. However, only one, 
Water Forever South West had mechanisms in place to appropriately record and integrate the 
feedback of that engagement. This difference can be seen in the application of the HCD lens with 
Water Forever South West being rated high, while SA Water’s Long Term Plan for Eyre Region being 
rated low. This is a good example of the HCD lens proving a deeper understanding of strategies as it 
was difficult to quantify the difference in engagement between the two examples, but through the 
HCD lens the differences can be seen quite clearly. In other words, HCD principles are found to 
provide additional clarity and depth to (what are considered to be) ‘well established’ customer and 
stakeholder engagement practices. 
In all three of the comparisons one can see that the higher rating the example received from the 
HCD principles lens, the better the outcomes were in regards to both infrastructure and 
relationships. This confirms the original hypothesis that conducting planning processes in 
accordance with HCD principles improves outcomes for both relationships and infrastructure 
implementation. While the literature indicates that HCD being used in international development 
achieves better all-round outcomes, you could attribute this to the designers or planners not 
understanding the cultural context, and therefore only being necessary in an international 
development context. However, these results shows that even when the designers or planners come 
from the same cultural context as the people they are trying to build infrastructure for, an HCD 
approach still produces greatly improved all-round outcomes. 
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6 Conclusion 
In this study we have sought to test whether alignment with HCD principles increases the success of 
IUWM strategies in Australia, through seven strategy case studies. This study has clearly shown that 
case studies that have conducted planning in accordance with HCD principles achieve better 
outcomes, both in terms of infrastructure implementability and relational improvements between 
stakeholders. The water sector has already identified that improved relationships with customers is 
something that it wants to achieve and HCD is a well-developed field of knowledge that may help 
the water industry do that. Further research is needed into the best ways to adopt and promote HCD 
in the water sector, but this initial study suggests that there is potentially a huge benefit to the 
adoption of this problem solving method.  
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7 Conclusions	and	recommendations	
The conclusions from each of the body chapters and overarching conclusions are presented in this 
chapter. As the body chapters addressed the research questions the conclusions for each research 
question has been included. Each publication has its own conclusions and many of those are 
repeated here. The conclusions have been organised according to research questions and added to 
tell the succinct and coherent argumentation of the research conducted.  
7.1 Conclusions	for	each	of	the	research	questions	
7.1.1 Research	question	1:	Developing	an	IUWM	infrastructure	planning	
framework		
Chapter 2 showed the creation of an IUWM planning framework and also developed a strong 
understanding of IUWM as the context for the rest of the research. This chapter presented two 
publications: (1) publication 1 discussed the terminology associated with IUWM and the history of 
IUWM infrastructure, and (2) publication 2 created an IUWM infrastructure planning framework. 
Chapter two also addresses research question 1: What is an appropriate planning framework for 
putting IUWM into practice? 
7.1.1.1 Terminology	of	integration	
There are many similar terms that cover the topic of integration in water management. The 
proliferation of multiple terms that mean similar things has the potential to create knowledge silos 
which potentially has a negative impact on water management. This publication has recommended 
that the umbrella term of Integrated Water Management be featured in publications going forward, 
at least in the keywords of academic and industry publications. This would make all literature on 
integration in water management more easily searchable and reduce the likelihood of knowledge 
silos. There are still differences between urban and rural Integrated Water Management terms that 
relate specifically to one of these forms of integration that can be different. For example the topic of 
this thesis, Integrated Urban Water Management is very different to Integrated Water Resource 
Management in its objectives, stakeholders, and regulatory environments, therefore they should be 
separated. However, term proliferation should be considered in publications and the linkages 
between these terms and Integrated Water Management should be made clear as it is in this thesis. 
7.1.1.2 Water	infrastructure	planning	framework	
Planning	framework	components	
Planning frameworks are created so that planners who use them can follow a standardised and 
tested planning procedure. All planning frameworks have a list of components or steps for the 
planner using them to follow. To create the planning components for this framework six different 
previous planning frameworks that were found in the academic field of planning theory, urban 
planning practice, and modern water infrastructure planning were compared on the truth table 
shown in table 3 of publication 1. Therefore, the planning components used by this framework are 
an increase to the current field of knowledge. Industry consultation was used to refine the planning 
components before they were tested using the case studies. 
The final list of components and their definitions can be found in table 4 of publication 2. 
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Advances	of	previous	planning	frameworks	
This planning framework builds upon the planning frameworks found in the literature in several 
ways: (1) makes explicit the iterative process between decision making and decision taking – this is 
especially important as the case studies found that these were largely completed by different actors, 
(2) ensures that cost‐sharing arrangements are in place before final recommendations are made, (3) 
considers the effects of public and media perceptions about project outcomes on future planning, 
and (4) makes explicit the impact of government and community preferences on the planning 
process. 
The final planning framework can be found in figure 2 of publication 2. 
7.1.1.3 Implications	and	key	contributions	of	the	IUWM	planning	framework	
The framework created in publication 2 has been extensively used to inform examination of the case 
studies, in most cases the headings used in the case study reports correspond with the nine 
components of the framework. This framework can be similarly used to inform and frame any future 
IUWM planning case studies and any future IUWM planning processes. Future processes can use 
these components and the framework to ensure that any new planning process follows a logical flow 
and includes all the elements necessary to be successful. 
7.1.1.4 Implementing	the	planning	framework	
In order for the IUWM planning framework to be implemented government bodies need to take a 
leading role. Currently, there are many planning frameworks with no clear industry standard.  For 
this framework to be adopted across the water sector government bodies must require that 
planning documents submitted to them show their alignment with this framework. With 
government taking the lead the water sector and academia will likely follow. Further, as well as 
ensuring this framework is used, governments should ensure that common terms like IWM, IUWM, 
or IWRM are used consistently to prevent knowledge siloing.  
7.1.2 What	can	we	learn	from	the	case	studies	
Chapter 3 was not targeted to a research question but included summaries of the case studies and a 
single publication, the Industry Findings Report. The Industry Findings Report includes 21 
recommendations for future IUWM strategies. The Industry Findings Report was created from 
analysis of the case studies, looking for commonalities between them.  
7.1.2.1 Recommendations	to	improve	IUWM	infrastructure	strategies	
As mentioned above the Industry Findings Report features 21 different findings that were gathered 
after in‐depth analysis of the case studies. The 21 recommendations were sub‐divided into six 
categories: general strategy findings, engagement, technical evaluation, responsibility 
apportionment, option selection, and implementation planning. All of these findings are shown 
below. 
General strategy findings 
1. When deciding which strategy processes to use, it is important to consider the desired 
outcomes. Strategies that are intended to set high‐level objectives require less technical 
detail than those that are created to recommend specific projects.  
2. When considering localised issues, strategies should be broken into smaller subregions, and 
engagement for each of these needs to be specifically targeted to local interests. 
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3. A more participatory process is required in situations where water utilities do not have full 
authority to implement recommendations. Such as the process used in the Fyansford 
strategy when attempting to influence developers. 
4. All targets, aside from basic water service standards, should be flexible. Targets should be 
able to be altered if a later planning process determines that meeting the target will not 
result in the best community outcomes. 
5. When planning and evaluating a strategy it should be realised that there are a variety of 
benefits that can be realised other than the implementation of recommendations. 
Engagement 
6. Working relationships between stakeholders should be built, maintained and used often to 
keep communication channels open. These communication channels unlock potential 
opportunities for IUWM. 
7. Stakeholder engagement should begin with the alignment of visions, and discussion of 
“why” the strategy is being done, rather than moving straight onto practical solutions. 
8. Strategy creators should ensure that they “close the engagement loop” by letting all 
involved stakeholders know how their input has impacted on the strategy. This prevents the 
perception of disingenuous engagement. 
9. In some situations financial contributions into strategies can increase stakeholder buy‐in. 
10. Effective engagement involves asking the right stakeholders the right questions at the right 
times. This often requires multiple stages of engagement, with different methods at each 
stage to target stakeholders with different technical literacy and interests.  
Technical evaluation 
11. The level of technical detail required for a strategy depends on its intended outcomes and 
stakeholders. Often it is more appropriate to have strategies that are relatively low in 
technical detail. 
12. There are a number of steps that need to be conducted before technical evaluation is begun, 
such as understanding local context and allowing stakeholders to provide input. 
Responsibility apportionment 
13. It is important to apportion strategy implementation responsibilities between stakeholders 
during the strategy development. This is especially important when private companies, like 
developers, are involved. 
14. Stakeholder responsibility mapping should be conducted early in the strategy process to 
avoid later difficulties with approvals and implementation. 
Option selection 
15. Future Multi Criteria Assessment (MCA) weightings should be strongly focused on reflecting 
the goals, values, and objectives of a strategy. 
16. The highest scoring option in an option selection process should form the basis of the 
strategy recommendations, whether it is “integrated” or not. 
17. When using two phases of Multi Criteria Assessment, it is important to have two tiers of 
criteria (primary and secondary). The primary criteria should remain the same for both 
phases, while the secondary criteria are adapted. 
18. MCAs require baselines to rate options logically and consistently across criteria. 
19. Dividing the MCA score by a value that represents a key objective gives planners the ability 
to compare small and large‐scale options. 
Implementation planning 
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20. Using trigger points in an implementation plan mitigates the risks associated with being 
locked into a documented schedule which is based on potentially inaccurate growth and 
climate estimates. 
21. An implementation plan should only be included in a strategy if it has been thoroughly 
deliberated on and determined that there is a strong likelihood of implementation. 
Many of these recommendations consider interactions between different stakeholders. As well as 
the five engagement recommendations (6–10), recommendations 1–3, 5, 11–14, and 21 (making a 
total of 14 recommendations) consider the interactions between stakeholders and/or the 
community. 
As a general rule case studies were more successful when they engaged in holistic stakeholder 
engagement. These case studies allowed not only the outcomes but also the process to be driven by 
what the stakeholders believed to be important. It is clear to see that “stakeholder centred‐ness” 
was the main contributing factor in whether strategies were successful.  
7.1.2.2 Implications	and	key	contributions	from	the	case	studies	
All the 21 findings from the Industry Findings Report are steps toward a better understanding of 
IUWM infrastructure strategies and what makes them successful. These findings make it clear that 
engaging with stakeholders is the most important factor in an IUWM planning process. Using these 
findings as a basis the water sector can now begin to look at how to best implement these changes, 
many of which could be improved by the adoption of better engagement practices. 
7.1.2.3 Implementing	the	infrastructure	funders	forum	
Publication 3 recommends the creation of an infrastructure funder’s forum to decide which pieces of 
water infrastructure are approved. With current governance arrangements most pieces of 
infrastructure require some form of approval. The creation of this forum may standardise the 
decision‐making processes used in these approvals and enable experts from across the water sector 
to be included in that decision making process. Further, such a forum would assist in implementing 
the other key findings of this thesis. 
7.1.3 Research	question	2:	Important	characteristics	when	comparing	IUWM	
infrastructure	planning	strategies	
Chapter 4 addressed research question two: What characteristics are most important when defining 
and comparing water infrastructure strategies? 
Publication 4 in this chapter presented the creation of a water infrastructure plan categorisation 
system, including a detailed investigation regarding what indicators should be used to differentiate 
between case studies.  
7.1.3.1 Water	infrastructure	plan	categorisation	system	
There are currently many different types of IUWM plans being created that cover a broad range of 
contexts and scales and consider a broad range of stakeholders and outcomes. It is therefore very 
difficult to understand the relationships, similarities and differences between these strategies. To be 
able to improve knowledge sharing, collaboration between organisations, and continual 
improvement of strategy processes it is important to be able to categorise those strategies in 
regards to certain characteristics. A categorisation system has been created that takes preliminary 
steps towards filling this gap in knowledge and practice. 
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Any categorisation system must ensure that it does not include any potential or perceived negative 
judgement statement. Naturally water practitioners would not want to openly admit failures and 
would be unlikely to use a system that would require them to do so. For this reason the decision was 
made to create a categorisation system that describes the scope of the IUWM plan, avoiding any 
perceived negative judgements. 
The study has put forward six scope descriptors, separated into three “width” and three “depth” 
scope descriptors. The width scope descriptors are: services considered, people impacted, and 
geographical size. The depth scope descriptors are: technical detail, approval authority, and 
intended outcomes.  
The categorisation system has been validated through trialling with the case studies and through 
expert opinion. During the creation of the case studies, case study contacts were asked to review the 
scope descriptors and all responded positively. Subsequently, the case studies showcase use of the 
categorisation system and the scope descriptors, which is illustrated in table 8 of publication 4. Both 
of these processes validated the effectiveness of the categorisation system.  
7.1.3.2 Implications	and	key	contributions	of	the	categorisation	system	
The categorisation system and the scope descriptors were vital in the comparison of the case 
studies. By using the scope descriptors the case studies could be quickly compared in the aspects 
where they were comparable. The scope descriptors also featured on the front page of the case 
study reports to give the reader a quick summary of the case study. 
There are a number of benefits that the water industry and academia could potentially gain from the 
use of this categorisation system: 
1. Practitioners could use the system to facilitate continual improvement by identifying previous 
plans that: 
a. are similar to current and future plans 
b. have particular aspects, methods, and processes that can be repeated in future plans. 
2. The use of such a system can foster collaboration between organisations by allowing them to 
identify the relationships between various strategies and plans. 
3. Scholars could use such a system when examining case studies, allowing other scholars to more 
easily identify, and quickly understand the nature of the case studies. 
A further key contribution of the current research has been making explicit the various intended 
outcomes of Integrated Urban Water Management plans. Figure 3 of publication 4 explains that 
these strategies can: (a) set objectives, (b) set targets, or (c) analyse, recommend and seek to gain 
approval for specific infrastructure options. This information, while it is likely to be assumed 
knowledge among many practitioners, is generally not discussed within academic literature. 
7.1.3.3 Implementing	the	categorisation	system	
Academia must play a leading role in the implementation of this categorisation system. Any 
database of water infrastructure planning processes would likely be assembled by academics and 
researchers. It is vital that such a system be clearly defined so that its information could be easily 
accessed. This categorisation system should be used to increase learnings from IUWM strategies and 
be refined over time. 
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7.1.4 Research	question	3:	IUWM	issues	and	the	ways	different	stakeholders	
view	them	
Chapter 5 addressed research question three: Is there a difference in what issues different 
stakeholders believe is most important in IUWM? What issues are most important to each 
stakeholder? 
Publication 5 in chapter 5 created a holistic list of IUWM issues, then ran a survey to understand 
which types of stakeholders believe which issues to be of most importance. 
7.1.4.1 Important	issues	in	IUWM	
Firstly, a more holistic list of issues affecting the implementation of IUWM was created through the 
combination of the literature review and the industry consultation. These issues were then 
categorised in terms of where they fit into the planning phases of: policy setting, decision analysis, 
and decision taking. Categorising issues in this way is an important step towards moving somewhat 
abstract issues towards issues and barriers that practitioners are able to address in their day‐to‐day 
work. Importantly, the issues presented in this paper are not purely hypothetical, but have been 
validated through in‐depth case study research that is shown in the Industry Findings Report. 
Secondly, this research is the first that quantifiably ranks the importance of different IUWM issues to 
different institutional types in Australia. The current research has provided an initial exploration of 
this issue, and confirmed the hypothesis that, in general, practitioners are most concerned about 
issues that they deal with directly. 
Results from the survey show that different institutional types have significantly different opinions 
around which IUWM issues are most important. This is most evident from figure 2 of publication 5, 
which shows, for example, that water retailers and local government care primarily about analysis 
and design of strategies and projects, whereas state government is primarily concerned with policy 
setting, regulation and approvals. These priorities align directly with their work areas. While these 
results are not surprising, they are certainly important. As stakeholder engagement literature has 
noted, it is very important to tailor engagement actions and practices to the stakeholder you are 
engaging with (Carson, 2008). It is equally important to move away from Habermasian, purely “fact 
based” and “power of the better argument” approaches to participation of the 1980’s (Healy, 2009).  
Thirdly, some specific outcomes from the survey are interesting in their own right. For example 
when engaging with government bodies it is important to focus on responsibility and cost 
apportionment, and when engaging with local government it is important to focus on technical 
capabilities and post evaluation. Some of the results from the survey were not expected, and could 
warrant further investigation including: (1) why Melbourne’s water sector, other than local 
government, places a lower importance on post evaluation, and (2) why local government rankings 
were so drastically different to all other stakeholders, perhaps implying a lack of effective 
communication channels and integration. 
7.1.4.2 Implications	and	key	contributions	of	understanding	how	stakeholders	differ	
regarding	IUWM	issues	
Extensive research has previously been conducted into the barriers to the adoption of IUWM and 
related ideologies in Australia. However no prior research has ever compared the relative 
importance that is placed on these issues, across different institutional types.  
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The core conclusion of publication 4 was that different institutional types place different priorities 
on issues depending on their exposure to those issues. This can likely be generalised to all cities and 
countries even outside the scope of the survey, which was Australia. Through understanding this it 
becomes possible to tailor engagement methods to match stakeholder organisational priorities, 
which would allow planners to improve the effectiveness of collaborative and integrated planning 
approaches. Through this tailoring it is hoped that the water sector can advance their methods of 
stakeholder engagement towards a more stakeholder‐centred approach. 
7.1.4.3 Implementing	the	findings	of	this	chapter	
Government bodies must play a leading role in implementing the findings of this chapter. Currently, 
most water infrastructure requires some form of approval from one or multiple government bodies 
before it can be implemented. A common requirement of these approval process is a stakeholder 
engagement plan which with a slight alteration could incorporate the findings of this chapter. To 
have a stakeholder engagement plan approved there should be clear linkages to how the planners 
will engage with each stakeholder separately and how each stakeholder’s needs will be identified 
and addressed. 
7.1.5 Research	question	4:	The	best	way	to	engage	with	stakeholders	
Chapter 6 addressed research question four: What is the best and most effective way to engage with 
stakeholders? 
Publication 5 in this chapter picks up directly from the findings from the case studies and looks into 
engagement methodologies that would be suitable to improve IUWM strategies. 
7.1.5.1 The	relationship	between	Human	Centred	Design	and	IUWM	planning	
The Industry Findings Report concluded many recommendations for improving IUWM strategies, 
most (14/21) of the recommendations considered interactions with stakeholders. Human Centred 
Design (HCD) is a method that engages heavily with stakeholders. Therefore, the case studies were 
reviewed through a HCD lens to determine if there was a link between HCD and the success of 
IUWM strategies. 
The analysis in publication 6 clearly showed that case studies that had inadvertently used a HCD 
approach achieved better outcomes, both in terms of more implementable infrastructure and 
relational improvements between stakeholders. Because of the nature of HCD focusing on 
engagement with stakeholders, the improvements in relational outcomes were very much expected. 
However, the improved infrastructure implementability outcomes were less expected. These 
outcomes validate the central thesis of HCD that treating the stakeholders as experts of their own 
situation will ultimately achieve better project or product outcomes. Further research is needed into 
the best ways to adopt and promote HCD in the water sector, but this initial study suggests that 
there is potentially a huge benefit to the adoption of this problem solving method. This led to the 
conclusion that the water sector within Australia should begin to adopt the mindsets of HCD into the 
creation of an IUWM infrastructure planning process. 
7.1.5.2 Implications	and	key	contributions	for	understanding	better	engagement	
methods	
Prior to this research there had not been an investigation into the appropriateness of HCD in urban 
infrastructure planning, let alone in IUWM strategies. This is the first such study and has shown that 
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HCD is an appropriate problem solving method for IUWM strategies. It is expected that these 
findings would be transferable to infrastructure planning in other sectors as well, making this 
research very relevant for all infrastructure planning. 
To assist the adoption of Human Centred Design into IUWM planning, table 7.1 has been created. 
Table 7.1 cross‐references the nine components of the IUWM planning framework presented in 
publication 2 and the seven HCD mindsets as described by IDEO (2015) – these seven mindsets were 
a key feature of publication 6. Each interface has been ranked high (H), medium (M), or low (L) 
indicating the importance of considering the mindset in the IUWM planning component. 
Table 7.1 – IUWM planning framework components and corresponding HCD mindsets 
  HCD mindsets 
Planning 
component 
Creative 
confidence  Make it 
Learn 
from 
failure  Empathy 
Embrace 
ambiguity  Optimism  Iterate 
Context  L  L  M  H  H  M  L 
Integrated project 
management  M  L  H  H  M  H  L 
Community and 
stakeholder 
engagement 
L  M  L  H  H  M  M 
Technical 
evaluation  M  H  H  L  M  M  H 
Option selection  M  M  H  M  M  H  H 
Governance and 
regulation  M  M  M  H  L  L  M 
Financing  M  L  L  L  L  L  L 
Outcomes and 
evaluation  M  L  H  M  M  L  H 
7.1.5.3 Implementing	the	findings	of	this	chapter	
Government bodies again must play a leading role in the implementation of the findings in this 
chapter. Water authorities should be directed to employ a stakeholder centric process in order to 
receive approval for new funding infrastructure. To achieve this, as HCD processes often take longer 
than expected, sufficient time should be allowed. Further, governments should allow and encourage 
better collaboration in funding applications so that councils and water authorities can more easily 
fund projects that achieve their strategic objectives even if they do not fall into their traditional 
authority. Finally, care should be taken in the language that is used to ensure that no new 
knowledge silos are created. 
7.2 Overarching	conclusions	
As stated in section 1.5 of this thesis, “The overarching objective of this thesis is to deepen and 
increase the understanding of the knowledge surrounding IUWM and provide guidance on how its 
implementation could be improved, with a particular focus on IUWM strategies.” 
Through the process of creating, understanding, and analysing the case studies this thesis has 
created a better understanding of why IUWM strategies succeed or fail. The IUWM strategy 
categorisation system has aided in the understanding and analysis of the case studies. This study has 
shown that stakeholder centred engagement is the most important factor in creating a successful 
IUWM strategy. Because of this research this is not only understood and can be added to the 
   Lachlan Guthrie – PhD Thesis   Page 171 
academic knowledge in this field, but this study has provided two important insights for how that 
can be done. 
The first of these insights is that industry should adopt the mindsets called for in Human Centred 
Design. The adoption of these mindsets is possible for industry if project managers of IUWM 
strategies commit to empathetically understanding their stakeholders. This study has shown that it is 
likely this change would quickly result in more positive outcomes. 
The second insight is the understanding of how different stakeholders prioritise IUWM issues. This 
insight can assist IUWM strategy project managers to tailor their engagement methods to individual 
stakeholders. This would also be considered a process of Human Centred Design. This thesis has also 
shown that this too would likely produce better outcomes. 
7.3 Limitations	of	research	
The research program has provided many valuable and original contributions to the body of 
knowledge on IUWM strategies and planning processes. However, there are limitations to the 
research which require acknowledgment and critical reflection as part of this thesis.  
The primary limitation of the research is that the main data source is the nine IUWM case studies, 
based all in Australia and mainly in Victoria. This is a potential limitation on two fronts: (1) the 
research analysis and findings reflect only what happened in the selected case studies, with the 
relatively small sample size of nine case studies the findings may not be indicative of wider trends in 
IUWM strategies, and (2) the work is based in one country and therefore may not be applicable to 
other countries with different contextual specificities such as the governance structure and culturally 
acceptable outcomes. However, the decision to focus on a small number of local case studies was an 
intentional one.  
By studying a relatively small number of case studies this research was able to investigate each case 
study in a relatively large amount of depth. The details and in‐depth insights that were included in 
the case study reports were only possible because of the many interviews conducted over a number 
of months. Were the research program to have looked at more case studies, inevitably each would 
be investigated in less detail. However, care was taken to ensure that a range of case studies were 
selected to ensure that the research reflects IUWM strategies broadly.  
Similarly, this intent was the reason most of the case studies were selected in the same state. This 
allowed the research to create an in‐depth analysis of the Victorian water sector and gather a full 
understanding of how it impacted the case studies. Two case studies were selected from other 
states (Western Australian and South Australia) to be able to investigate the differences in the water 
sectors of the three states. While using this method it is likely that many of the findings of this 
research are applicable in some way to different jurisdictions, though it is not possible to know for 
certain through this research. Further, because all the case studies were from Australia, one cannot 
necessarily apply the findings of this thesis to other countries. 
The second limitation, with respect to the case studies, was that information included in the case 
studies could not include anything that was commercial in confidence, or that the case study 
contacts did not want to reveal for fear of reputational damage. Each case study needed to be 
approved by the case study contact prior to publication as a practical necessity requested by the 
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case study contacts. This meant that the case studies and the subsequent analysis of them, while 
remaining impartial, could not fully incorporate every aspect of the case study. 
Thirdly, the industry survey that was conducted to create publication 5 looked into the perspectives 
of the water industry practitioners that took part in the survey. While the analysis accurately reflects 
the opinions of practitioners, they are not necessarily objective truths about IUWM and should not 
be treated as such. Further, due to all the survey responses coming solely from Australia these 
results should not be generalised to countries outside of Australia. 
Lastly, the conclusions and findings regarding the planning frameworks and Human Centred Design 
(publication 6) were found through analysis of past planning processes. It is therefore impossible to 
conclude that these conclusions and findings are correct when applied in the creation of new IUWM 
strategies, even though this would be likely. To be able to prove this future research should be 
undertaken tracking the completion of new IUWM strategies using the framework discussed in 
publication 2 and a Human Centred Design approach as discussed in publication 2. 
7.4 Further	work	
As the complex challenges faced by the urban water sector continue to become more challenging, 
particularly due to pressures from climate change and population growth, it is important that 
researchers continue research into IUWM planning. IUWM has the potential to create multi‐service 
benefits that will improve the social and environmental benefit of water infrastructure, ultimately 
improving the livelihoods of the entire community. 
There have been many other research questions uncovered during this research that were outside 
the scope of this thesis. One of the benefits of a holistic case study based research program like this 
is turning “unknown unknowns” into “known unknowns”. While this thesis is complete, in no way is 
any section intended to be the full expression of knowledge in the areas that they investigate. 
Further, as a general rule, others should be encouraged to pick up and improve all research and this 
thesis is no exception. 
Therefore, this study has uncovered many areas which require further investigation. Below is a list of 
the further work that would make a valuable contribution to the field of knowledge: 
 Investigations into the appropriateness of the planning framework shown in publication 2 
and into other infrastructure planning sectors (energy, roads, etc.). 
 Investigation and increased understanding of different governance structures and which is 
most suitable in different contexts (e.g. poly‐centric vs mono‐centric). 
 Expansion of the categorisation system to include more IUWM case studies, this will likely 
help to refine the categorisation system. 
 Investigation into the impacts of setting certain targets versus flexible service objectives 
prior to beginning an IUWM strategy, and whether this is the best way to achieve best 
community outcomes. 
 Work should be done to define “success” of an IUWM strategy, with particular reference to 
relational benefits that can be found through an engaging strategy creation process. 
 Investigation into how planners should account for environmental and social impacts of an 
infrastructure project. 
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 Investigation into why all stakeholder groups except local government placed a relatively 
low importance of post implementation evaluation. 
 There should be greater consistency between the valuation methods used in IUWM 
strategies. 
 Investigation should be undertaken into the best way to trigger and/or schedule 
infrastructure that is recommended as part of an IUWM strategy. 
 Further examples should be found to test and further verify the benefit of using Human 
Centred Design methods and principles in the creation of IUWM strategies. 
 Investigations should be undertaken to understand how to best apply the findings of this 
thesis in countries outside of Australia. 
 Investigations should be completed to understand the best way to incorporate Human 
Centred Design methods and principles into IUWM planning in the Australian water sector. 
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Appendix	A	1–9	–	Case	study	reports	
  	
IMPROVING PLANNING PROCESSES FOR INTEGRATED URBAN 
WATER MANAGEMENT INFRASTRUCTURE 
Appendix A1 – Towards a Botanic Colac 
Lead organisation Barwon Water 
Location Colac, Victoria 
Brief description 
Aligning stakeholder visions for 
water services in Colac 
Technical Detail Low Detail (2/10) 
Outcomes Setting Objectives 
Approvers External 
Water services included All services 
Geographical size 150km2 
Population impacted 12,000 
Interesting aspects of 
this case study 
Stakeholder engagement, 
responsibility mapping 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva 
RMIT University  
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
Towards a Botanic Colac is an Integrated Water Management strategy for the town of Colac, a rural 
centre in Western Victoria. This strategy is a high level master plan, strongly focused on aligning the 
visions and objectives of the various water players in the town. The most interesting component of the 
strategy is the stakeholder engagement used to create the objectives. The project team achieved 
strong alignment amongst stakeholders in regards to the vision for Colac. One of the reasons for this 
success was not discussing options until the latter phases of the strategy. This is different to many of 
the other case studies in this research program as it means that the strategy was driven by visions 
rather than solutions. 
The intention of this strategy was not to develop an IWCM action plan for Colac, it was to raise 
awareness amongst those responsible for the long term future of the town that the urban water cycle 
could be an important contributor to the liveability and resilience of the urban landscape. Prior to this 
project, Barwon Water believed that these aspects were not likely to be prominent in the preparation 
of the Colac 2050 Master Plan. This strategy and its cooperative approach brought IWM to attention, 
demonstrated potential future social, environmental and economic benefits and provided some 
conceptual opportunities to enable people to get excited about future prospects 
On the whole, assessment and recommendation of options was not the main focus of the strategy. 
The options that were assessed as part of this strategy appeared as projects: new, upgraded, or 
repaired infrastructure, or maintenance and rehabilitation programs. There was some implementation 
planning completed as part of this strategy, however the strategy was not about coming up with an 
agreed implementation plan, rather the concepts that would stimulate greater consideration of IWCM 
in a city master plan. The researchers believe that the main value of this strategy was in the alignment 
of objectives. Because of its nature, the strategy was not required to go into great levels of technical 
detail. 
FINDINGS 
1. Aligning visions is often the best way to begin a strategy 
From the beginning this strategy placed an emphasis on setting objectives and aligning visions of 
relevant stakeholders. The researchers believe this is an excellent approach. Investigation into the 
visions of different parties is a typical conflict management tactic. By analysing the values of two 
opposing parties often you will eventually find some common ground which you can build upon. This 
is exactly what this strategy has done to prevent future conflicts and to enable and foster collaboration 
between stakeholders. Barwon Water noted that they did not discuss the solutions until the 3
rd
 or 4
th
 
workshop. This tactic enabled the stakeholders to come together with a vision and move forward as a 
group so they were all happy with the outcome. The researchers believe that while solutions obviously 
need to be discussed at some stage, all future strategies should begin by investigating visions and 
trying to align the visions of stakeholders. 
2. Mapping of stakeholder responsibilities is very important for future implementation planning 
A key feature of this strategy was that it mapped the responsibilities of all involved and relevant 
stakeholders. The stakeholders have also been brought into this discussion and accepted their areas 
of responsibility. With the responsibility areas mapped and understood by all stakeholders, future 
planners benefit in two ways. (1) Key stakeholders are able to be identified quickly and easily when 
implementation planning begins. Being able to identify stakeholders quickly means that stakeholder 
engagement can be better planned and targeted to the correct audience. (2) Those key stakeholders 
have already agreed to what their responsibilities are. This can remove the doubt over who is 
responsible for what and therefore how much they should contribute. The problem of ambiguous 
responsibilities has arisen in other case studies. The researchers believe that clear responsibility 
mapping should become a key aspect of any future strategy. 
3. Personal and organisational relationships are vitally important in realising opportunities 
Towards a Botanic Colac was so successful because it was able to leverage receptiveness from other 
concurrent strategies. The most important of these was the Colac Otway Shire’s Health and Wellbeing 
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strategy. Barwon Water was able to demonstrate the health and wellbeing benefits of Integrated 
Water Management and therefore this strategy was seen as higher priority by council. Barwon Water 
recognised this concurrent timing as a great opportunity. Barwon Water could identify this opportunity 
because they already had a strong working relationship with the Colac Otway Shire. If this relationship 
was not present, the opportunity may not have been recognised and this strategy may have not 
eventuated. The researchers have noted the importance of building and maintaining professional 
relationships to foster collaboration. 
4. In many contexts it is more appropriate to complete a strategy with low, rather than high, 
levels of technical detail 
This strategy has been completed in very low technical detail, something that the researchers believe 
to be entirely appropriate in this context. From the beginning this strategy was very clear about its 
objectives. It was not intended to be a technically driven, solutions focused strategy. Rather it was a 
high level visioning plan. Without being bogged down in the detail, the strategy was able to fully align 
the visions and objectives of each of the relevant stakeholders. Technically focused strategies are 
more likely to be appropriate when options need to be assessed and recommended. The researchers 
believe that future strategies should tailor the level of technical detail to be appropriate for their 
situation. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision-making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and concludes with 
the findings which the researchers have extracted from the case study. Definitions and scopes of the 
planning components are shown below in Table 3. Contents of case studies have been approved by 
the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification and 
shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine 
the preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
To understand and compare strategy case studies a system of categorisation has been developed. 
The researchers have determined six different scope descriptors to be used to categorise each 
strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types outcomes has the strategy attempted 
to achieve from the hierarchy of outcomes 
Objective setting → 
Target Setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-
organisational or intra-
organisational 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
Colac is a regional centre in Western Victoria that is home to approximately 12,000 people and 
situated on the Colac Lake, and as such local residents have a strong emotional connection to water 
and green open space. As the city grows, the Colac Otway Shire want the urban water cycle to play 
an important role in defining the character of the town as a leafy green area with tree lined streets and 
nearby high quality waterways. 
Towards a Botanic Colac took a high level master planning approach. Barwon Water and the Barwon 
Region Integrated Water Cycle Management Network wanted to show the council what implementing 
IWM practices would look like and what the potential benefits would be for the community.  
Barwon Water had a good working relationship with the Colac Otway Shire which allowed them to 
recognise a unique opportunity to complete an IWM strategy. At this time the council was completing 
a wellbeing strategy for Colac. Barwon Water hoped that if the wellbeing benefits of IWM could be 
understood an IWM strategy could leverage off the wellbeing strategy to aid implementation. 
 
Figure 2 - Towards a Botanic Colac map of the project scope 
Scope descriptors 
Width 
The project scope includes an area of approximately 150km
2
, and Colac is home to 12,000 residents. 
This strategy includes all water services. 
Depth 
This strategy has relatively low levels of technical modelling and has therefore been rated a 2 for 
detail. The decisions taken in this strategy have been led by the Barwon Region Integrated Water 
Cycle Management Network and can therefore be considered an external strategy. The strategy sets 
objectives and aligns the values of relevant stakeholders, while also completing some tokenistic 
implementation planning. For these reasons it has been considered an objectives strategy. 
Barwon Region Integrated Water Cycle Management Network 
To assist with increasing knowledge and shared responsibilities within the IWM space, all the water 
organisations and councils in the region came together and formed the Barwon Region Integrated 
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Water Cycle Management Network (IWCM Network). This network has been used to bring 
stakeholders together and create multiple IWM strategies throughout the region, including both the 
Barwon Water case studies in this research program. At the time the network’s member organisations 
were the Office of Living Victoria, Barwon Water, Colac Otway Shire, Southern Rural Water, and the 
Corangamite Catchment Management Authority. For both case studies this network was considered a 
stakeholder reference group. 
Framework 
The IWCM Network has developed their own IWCM framework, which both Barwon Water case 
studies have used.  
Figure 3 shows each stage of the method that Barwon Water uses to create IWM strategies in their 
region. 
 
Figure 3 – Method used in the IWCM Network IWCM framework 
The framework is heavily focused on engagement and defining objectives. Each plan completed using 
the framework had multiple stakeholder meetings and is relatively low in technical detail. Barwon 
Water noted that when using the framework it was not until the third meeting that solutions were 
discussed. The first two meeting will always only look into defining the problems and objectives of the 
strategy. The researchers believe this is an excellent way to bring stakeholders together by discussing 
values and visions. This framework also ensures that the solutions put forward address the real 
problems that the area faces. 
Water cycle aspects  
A very significant part of Barwon Water’s method is to break the water cycle down into seven, 
separate but interconnected Water Cycle aspects. Each strategy created using Barwon Water’s 
IWCM framework has framed its objectives with reference to the water cycle aspects. The Water 
Cycle Aspects are shown in figure 4. 
Project Initiation 
Analysis of 
Water Cycle 
System 
Vision, 
Outcomes & 
Objectives 
Identify IWCM 
Opportunities 
Describe existing 
IWCM actions 
Investigate and 
scope new 
IWCM initiatives 
Agree on 
priorities 
Prepare draft 
plan 
Prepare final 
plan 
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Figure 4 – Water Cycle aspects used in IWCM Network framework 
 
CONTEXT 
Background 
As in other case studies in this research program, the millennium drought was an initial driver for an 
increased focus on IUWM in the Colac area. 
Colac has always had a strong connection with water, which has given the people of Colac the desire 
to have the urban water cycle as a key part of development. Colac also has multiple natural 
waterways and a lake upon which the council places a very high importance. For these reasons Colac 
has a very good political and social environment for implementing IWM and Barwon Water saw this as 
an excellent opportunity to influence the 2050 Master Plan being prepared by council. 
As part of the state government’s direction for increased IWM, organisations in the Barwon region 
formed the Barwon Region Integrated Water Cycle Management Network. With the assistance of the 
Office of Living Victoria this group would help strengthen their capacity together in the area of IWM 
infrastructure planning. The Colac Otway Shire was highly involved in the creation of this network. 
There were also multiple growth planning strategies produced in the region with an increased 
emphasis on environmental sustainability and water security. This strategy began shortly after two 
different sets of related and overarching objectives were competed through different means. An 
important part of this strategy was mapping the linkages between these objectives and the water 
cycle aspects. The two sets of objectives were (1) the IWCM Outcomes as described by Melbourne’s 
Water Future and (2) the Colac Otway Shire Sustainability goals. 
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Figure 5 - Drivers for Towards a Botanic Colac 
Infrastructure 
Colac is a regional centre with relatively well developed water supply infrastructure for the current 
population. There is reticulated water and sewer throughout most of the town, however these 
networks are ageing and reaching their capacity.  
Colac is situated upon Lake Colac, with multiple tributaries running into it. The Lake is Colac’s largest 
water asset and concern for its protection is of the highest importance to the people of Colac. There 
are other creeks near Colac that form important parts of the strategy both as conduits for urban 
stormwater to flow into the lake and for the environmental and social benefits that need protecting. 
Barongarook Creek is quite degraded around urban areas, but still has remnants of native vegetation, 
and is used for passive recreation. Deans Creek is an agricultural drain towards the west of the town, 
which is prone to flooding. 
Colac also has many wide vegetated streets, many of which still have the older style open, grassed 
swales as stormwater drains. This gives the strategy the opportunity to implement different types of 
drainage assets as the width of the streets is not as constraining as it is in many urban areas. 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight 
The project team consisted mainly of staff from Barwon Water and engineering consultants. The 
project team reported to both the Colac Otway Shire and the wider Barwon Region IWCM Network. 
This is shown in figure 6. 
Physical drivers 
•Drought leading to direction from government to save water and 
implement IWM practices 
Connection 
with water 
•Colac has always had a strong connection with water 
•Council want that connection to be a key part of the town's future 
development 
Unique 
opportunity 
•Ability to leverage off the concurrent Health and Wellbeing strategy 
being created by the council 
•Opportunity to influence 2050 Master Plan 
•Existing local IWM network to help facilitate 
Lachlan Guthrie – PhD Thesis 189
IMPROVING PLANNING PROCESSES FOR IUWM INFRASTRUCTURE 
Water Research Australia Ltd – PhD Project 4504  11 
 
 
Figure 6 - Project team functioning and oversight 
Responsibility mapping 
In line with the IWCM Network’s framework, responsibility mapping was completed to determine which 
organisations were responsible for each Water Cycle Aspect as shown in table 5 below. The four 
organisations that feature in Table 5 are; 
 Colac Otway Shire (COS) – the local government of Colac  
 Barwon Water (BW) – the water retailer responsible for Colac  
 The Corangamite Catchment Management Authority (CCMA) –  the authority responsible for 
the protection and enhancement of biodiversity in the Corangamite catchment 
 Southern Rural Water (SRW) – the bulk water supplier for southern rural Victoria 
Table 5 – Responsibility map, linking responsibilities of each organisation with the Water 
Cycle Aspects 
Water Cycle Aspect COS BW CCMA SRW 
Surface water in Waterways wetlands, & floodplains     
Groundwater & Surface Water Allocation     
Land use, planning roads & streets     
Public Open Space     
Urban Stormwater Management     
Drinking Water Service     
Sewerage Service     
Septic Tanks     
Reticulated recycled water     
Localised stormwater re-use     
Responsibility mapping in the IWCM Network’s framework informed which organisations were 
responsible for implementing which projects. This was a way to apportion the responsibility and 
therefore costs to each organisation. The researchers believe that this is an ideal way to create IWM 
strategies without having to change organisational responsibilities. 
The researchers believe that this is a key aspect of the strategy. Any implementation planning 
completed after the strategy would be able to use this responsibility map as a starting point to target 
stakeholder engagement. 
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Risk management 
No formal risk assessment was undertaken during this strategy. The main risk management process 
of this strategy completed was during the option identification and shortlisting by removing all 
potentially risky options. The method of option identification used in this strategy was a systems 
analysis completed separately for each of the seven Water Cycle Aspects. This took the form of a 
SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis. As well as identifying options, 
this process ensured that the options put forward would be viable. Option Shortlisting was completed 
by applying two deal breaker tests to each of the options. These tests considered if the estimated cost 
would be prohibitive or if the option was likely to be acceptable to the community. Any options that 
were likely to be cost prohibitive or not accepted by the community were removed. 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
The whole strategy was essentially a stakeholder engagement exercise. The main objective was to 
engage with council to move towards a more integrated system, therefore stakeholder engagement 
needed to be a very strong aspect of this strategy. Also the strategy was owned by a stakeholder 
reference group - the Barwon Region Integrated Water Cycle Management Network.  
The researchers note that the stakeholder engagement was much more focused on values, visions, 
and objectives than many of the other strategies. Barwon Water noted that they only began 
discussing particular infrastrucutre options during the 3
rd
 or 4
th
 stakeholder workshops. In the 
researchers’ opinion this is one of the reasons that this strategy was so successful in attaining 
stakeholder acceptance. 
The strategy create strong alignment in the visions of the stakeholders. All the stakholders, in 
particular council, were able to see what the benefits of a more integrated system would be. All the 
stakeholders agreed to the visions for each of the water cycle aspects outlined by the IWCM Network. 
This strategy was used as a catalyst to create a strong partnership of stakeholders to create a more 
integrated system together. 
No community engagement was specifically undertaken as part of this strategy. Each organisation in 
the network was expected to act as a proxy for their own community, informed by their separate 
community engagement. 
OPTION IDENTIFICATION, SHORTLISTING, AND SELECTION 
Figure 7 explains the process taken for Option Identification, Shortlisting, and Selection. This figure 
can be attributed to both sections of Option Identification and Shortlisting, and Option Selection. 
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Figure 7 - Process of Option Identification and Shortlisting, Option Selection, and 
Implementation Planning 
The options that were being assessed as part of this strategy appeared as projects; new, upgraded, 
or repaired infrastructure, or maintenance and rehabilitation programs 
Option Identification and Shortlisting  
The SWOT analysis undertaken as part of the system analysis was used to identify opportunities for 
each water cycle aspect. This process was the option identification and shortlisting phase and was 
completed using expert opinion. SWOT analysis results are shown in table 6. 
  
Option 
Identification 
and Shortlisting 
•35 Options identified 
through SWOT 
analysis 
Option 
Selection 
•Options given the 
"deal breaker" test 
•Led by expert 
opinion 
Implementation 
Planning 
•Basic project planning 
completed 
•Options assigned lead agency 
and implementation date 
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Table 6 - SWOT analysis of each Water Cycle Aspect 
Water Cycle 
Aspect Strengths Weaknesses Opportunities Threats 
Waterways, 
Wetlands, 
and 
Floodplains 
 Heightened 
community concern 
 Revegetation of 
extensive sections 
of Barongarook 
Creek 
 Highly degraded 
condition of 
Barongarook and Deans 
Creeks 
 Land tenure and terrain 
key obstacles to further 
revegetation 
 Colac West important 
part of the Colac 
Structure Plan 
 Future “green” industry 
in Colac 
 Lake Colac and the 
need for an update of 
the Lake Colac Master 
Plan. 
 Several areas 
close to flood 
plain not 
connected to 
sewerage 
networks 
 Flood plain to the 
West of the City 
limits growth 
Major 
Drainage 
 Effective 
stormwater network 
 Recent work done 
to slow water and 
improve quality 
 Increased urbanisation 
has impacted 
Barongarook Creek and 
the Lake 
 Lake Colac has a 
history of poor water 
quality following storms 
 Reviewing stormwater 
plan to include reuse 
opportunities and 
WSUD 
 Climate change 
to increases 
number and 
severity of 
storms 
Land use, 
and Public 
Open Space 
 Extensive public 
open space areas 
 Lake Colac is 
somewhat of a 
hidden asset 
 Not many good linear 
corridors 
 Flood plains limit growth 
 Little way finding in 
Colac 
 Lake is poorly 
connected to CBD 
 Way Finding strategy 
underway 
 Beechy Rail trail could 
become an important 
link 
 More trees will improve 
Memorial Park 
 Creeks in flood 
plains restrict 
growth 
 Development in 
the West could 
reduce linkages 
around the town 
Stormwater 
 Stormwater 
Management plan 
in pace 
 Some gross 
pollutant traps 
 Limited WSUD 
throughout Colac 
 High maintenance cost 
of pollutant traps 
 Stormwater 
Management plan is out 
of date 
 Many open roadside 
drains, easy for WSUD 
implementation 
 Increasing WSUD would 
help create a Botanic 
Colac and link key 
areas of interest 
 Climate change 
to increases 
number and 
severity of 
storms 
Drinking 
Water 
 Catchments are 
regularly full 
 Closed catchments, 
high quality water 
 Sufficient pressure 
to meet demands 
until 2017 
 Catchments with low 
storage / demand ratio 
 Single source of water 
 Multiple supply 
augmentation options 
 Creating Colac Demand 
Management Program 
 Climate change 
reducing rainfall 
and inflows 
 Catchments 
subject to 
bushfire risk 
 Inability to meet 
sudden demand 
 Many private 
supply networks 
Sewerage 
 By connecting un-
sewered areas, 
health and water 
quality could 
improve 
 Sewer districts 
aligned with future 
growth districts 
 Supply of recycled 
water 
 Limited capacity to treat 
high BOD loads from 
industry 
 Sewered area to 
expand to 
accommodate growth 
 Poor recycled water 
quality 
 Sewer district not 
aligned with zoning 
 Can reduce peak flows 
by improving sewer and 
stormwater networks 
 By connecting un-
sewered areas, health 
and water quality could 
improve 
 New entrants to access 
sewer 
 Aging 
infrastructure 
 Climate change 
increase storms 
will increase 
frequency of 
sewer spills 
Alternative 
Water 
Sources 
 Colac Stormwater 
Management Plan 
 Investigations into 
stormwater reuse 
 Limited space for 
storage of stormwater 
 All stormwater 
harvested means less 
water into lake Colac 
 Poor quality of Class C 
water 
 Stormwater reuse at 
Central Reserve 
 Stormwater reuse at 
Colac Botanic gardens 
 Update Colac 
Stormwater 
Management Plan 
 Potential re-use options 
at Irrewillippe area 
 Cost of reuse 
schemes 
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The SWOT analysis was able to show that a flood plain on the western side of Colac was a major 
inhibitor to development on this side of the town. The analysis also identified that greater application 
of WSUD and improvement of drainage networks may be able to alleviate this problem. 
Option Selection 
No formal options assessment tool was used to decide which options would best meet the objectives. 
These assessments were largely completed by expert opinion from members in the IWCM Network. 
After the SWOT analysis, 35 different options across all the water cycle aspects were identified for the 
“deal breaker” test. The project team asked the questions; 
 Is the option cost prohibitive?  
 Would the option be unacceptable to the community? 
If both answers were no, the option then moved into the implementation plan. 
TECHNICAL EVALUATION 
As this strategy was largely about visions and objectives, there were only small amounts of technical 
evaluation completed. This technical evaluation was completed in three stages; 
1. The SWOT analysis completed as part of the systems analysis (see Option Identification and 
Shortlisting section) 
2. A water balance for Lake Colac 
3. Project planning for presenting to council (see Option Selection section) 
The water balance for Lake Colac was completed using simple calculation to determine the inflows 
from rainfall and waterways and the outflows by way of usage and evaporation. The researchers are 
unclear as to how this information was used. 
IMPLEMENTATION PLANNING 
(FINANCING AND GOVERNANCE AND REGULATION) 
The Financing and Governance and Regulation sections of this case study have been merged into an 
Implementation Planning section. Apart from the implementation plan shown in table 7, there have 
been no financing or governance arrangements made during this strategy. 
It was decided that the implementation plan should align with the IWCM Outcomes as described by 
Melbourne’s Water Future. Projects that were assessed and selected were divided into the IWCM 
outcomes and sub-outcomes that they would achieve. Each sub-outcome needed to have at least one 
project assigned to it. 
Each project was assigned a lead organisation which was decided upon according to the 
responsibility mapping. Some projects were also assigned a support organisation. This process meant 
that responsibility was clearly apportioned to each organisation and agreed upon by all the members 
of the IWCM Network. 
Included in the implementation plan were the relevant stakeholders responsible for implementing their 
own projects. Each organisation has agreed to what needs to be implemented. The implementation 
plan is shown in table 7. 
Table 7 - Implementation Plan 
IWCM Outcome 
Focus 
Area Priority Actions and Initiatives When 
Lead 
Agency Support 
A community 
engaged in 
whole of water 
cycle 
management 
1.1 Improve urban amenity through natural water assets 
 
1.1 Create the Botanic Link Pathway 2020 COS CCMA 
1.2 Review the Lake Colac Master Plan 2015 COS CCMA 
1.2 Enhance community understanding of water cycle issues 
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 1.2.1 Integrate IWCM into Way finding Strategy 
2015 COS BW 
1.3 Support community activities and projects 
 1.3.1 Support local community water cycle initiatives and projects 
2015 CCMA COS,BW 
Suburbs new 
and old 
designed with 
water in mind 
2.1 Plan to use local water locally 
 
2.1.1 Irrewillipe Road Retarding Basin upgrade and harvesting 2017 COS  
2.1.2 Colac Botanic Gardens Stormwater Reuse 2020 COS  
2.2 Incorporate IWCM into new growth areas 
 2.2.1 Western Growth WSUD Precinct 2020 COS CCMA 
2.3 Greening our suburbs 
 
2.3.1 Central Colac Green Spine 2017 COS  
2.3.2 Upgrade Central Taxi Rank incorporating WSUD features 2015 COS  
2.4 Reduce urban flooding 
 2.4.1 Undertake Colac Drainage study 
2015 COS 
 
Sensible use of 
water in our 
homes and 
businesses 
3.1. Encourage households to reduce drinking water use  
 3.1.1  Colac residential demand management program  
2015 BW 
 
3.2  Work with manufacturing business to reduce drinking water use 
 3.2.2  Colac manufacturing demand management program  
2015 BW 
 
3.3. Increase peri-urban farms use of drinking water 
 
3.3.1  Colac agricultural demand management program  2017 BW SRW, COS 
3.4  Work with business to reduce drinking water use 
 3.4.1  Colac commercial/other demand management program  
2017 BW 
 
Create resilient 
water systems 
4.1  Improve water supply system resilience  
 
4.1.1 Diversify Colac’s drinking water sources  2020 BW SRW, CCMA 
4.2  Address knowledge gaps to water system resilience  
 
4.2.1  Barwon Downs groundwater monitoring program  2020 BW SRW, CCMA 
Improved 
waterways 
5.1 Reduce the adverse impacts of stormwater on waterways 
 
5.1.1 Barongarook Creek enhancement 2017 COS CCMA 
5.1.2 Lake Colac lake-front WSUD 2017 COS CCMA 
5.2 Ensure beneficial use of treated wastewater 
 
5.2.1 Contribute recycled water to Lake Colac 2015 BW 
 
5.3 Protect our catchments and waterways 
 
5.3.1 Support catchment management activities 2015 CCMA BW,COS 
5.3.2 Continue to support waterway health activities Undecided 
Reduced 
inefficiency and 
waste 
6.1 Better allocate water sector investment 
 
6.1.1 Upgrade Colac Water Reclamation Plant 2015 BW   
6.1.2 Sewerage network upgrades 2020 BW   
6.1.3 Manufacturing sector source control improvements 2017 BW   
6.2 Improve leak detection 
 
6.2.1 Irrewarra farmers leak detection trail 2017 BW   
6.2.2 Larpent farmers leak detection trial 2017 BW   
Accelerated 
Innovation 
7.1 Establish the region as a leader in IWCM 
 
7.1.1 Coordinate implementation through Barwon IWCM Network 2015 BW COS, CCMA, SRW 
7.2 Build skills and capacity in IWCM 
 
7.2.1 Support stakeholders to build IWCM capacity internally 2015 All 
 
7.2.2 Support communicating the IWCM agenda more broadly 2015 All 
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OUTCOMES 
Barwon Water believes that the most beneficial outcome of this strategy was the realisation that flood 
issues affecting the Western side of the Colac could be overcome. By improving a drainage channel 
through the flood plain, the risks associated with flooding could be mitigated, and. the area could be 
opened for growth and development. Colac can now grow in a cost effective manner, which was a 
major outcome for council. 
The intention of this strategy was not about coming up with an agreed implementation plan, rather the 
concepts that would stimulate greater consideration of IWM in a city master plan. In the researchers’ 
opinion Barwon Water achieved these goals largely because of the collaborative, cooperative 
approach to whole-of-water-cycle management used during this strategy. The process that this 
strategy used has since been replicated in other similar situations throughout Victoria. The 
researchers recommend that a similar method be used when trying to achieve similar goals. 
FINDINGS 
1. Aligning visions is often the best way to begin a strategy 
From the beginning this strategy placed an emphasis on setting objectives and aligning visions of 
relevant stakeholders. The researchers believe this is an excellent approach. Investigation into the 
visions of different parties is a typical conflict management tactic. By analysing the values of two 
opposing parties often you will eventually find some common ground which you can build upon. This 
is exactly what this strategy has done to prevent future conflicts and to enable and foster collaboration 
between stakeholders. Barwon Water noted that they did not discuss the solutions until the 3
rd
 or 4
th
 
workshop. This tactic enabled the stakeholders to come together with a vision and move forward as a 
group so they were all happy with the outcome. The researchers believe that while solutions obviously 
need to be discussed at some stage, all future strategies should begin by investigating visions and 
trying to align the visions of stakeholders. 
2. Mapping of stakeholder responsibilities is very important for future implementation planning 
A key feature of this strategy was that it mapped the responsibilities of all involved and relevant 
stakeholders. The stakeholders have also been brought into this discussion and accepted their areas 
of responsibility. With the responsibility areas mapped and understood by all stakeholders, future 
planners benefit in two ways. (1) Key stakeholders are able to be identified quickly and easily when 
implementation planning begins. Being able to identify stakeholders quickly means that stakeholder 
engagement can be better planned and targeted to the correct audience. (2) Those key stakeholders 
have already agreed to what their responsibilities are. This can remove the doubt over who is 
responsible for what and therefore how much they should contribute. The problem of ambiguous 
responsibilities has arisen in other case studies. The researchers believe that clear responsibility 
mapping should become a key aspect of any future strategy. 
3. Personal and organisational relationships are vitally important in realising opportunities 
Towards a Botanic Colac was so successful because it was able to leverage receptiveness from other 
concurrent strategies. The most important of these was the Colac Otway Shire’s Health and Wellbeing 
strategy. Barwon Water was able to demonstrate the health and wellbeing benefits of Integrated 
Water Management and therefore this strategy was seen as higher priority by council. Barwon Water 
recognised this concurrent timing as a great opportunity. Barwon Water could identify this opportunity 
because they already had a strong working relationship with the Colac Otway Shire. If this relationship 
was not present, the opportunity may not have been recognised and this strategy may have not 
eventuated. The researchers have noted the importance of building and maintaining professional 
relationships to foster collaboration. 
4. In many contexts it is more appropriate to complete a strategy with low, rather than high, 
levels of technical detail 
This strategy has been completed in very low technical detail, something that the researchers believe 
to be entirely appropriate in this context. From the beginning this strategy was very clear about its 
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objectives. It was not intended to be a technically driven, solutions focused strategy. Rather it was a 
high level visioning plan. Without being bogged down in the detail, the strategy was able to fully align 
the visions and objectives of each of the relevant stakeholders. Technically focused strategies are 
more likely to be appropriate when options need to be assessed and recommended. The researchers 
believe that future strategies should tailor the level of technical detail to be appropriate for their 
situation. 
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Appendix A2 – Review of IWCM options for Fyansford 
 
 
Lead organisation Barwon Water 
Location 
Fyansford, Victoria (Suburb of 
Geelong) 
Brief description 
Creating a portfolio of projects for the 
Fyansford development 
Technical Detail Low Detail (2/10) 
Outcomes 
Recommend Options → Approve 
Options 
Approvers External 
Water services included All services 
Geographical size 3 km2 
Population impacted 3,000 
Interesting aspects of 
this case study 
Option identification and shortlisting, 
Option selection, Stakeholder 
engagement 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
Fyansford is a suburb in the West of Geelong, in central Victoria. The area was previously a large 
quarry but recent growth has meant that planning overlays have changed and the area has been 
earmarked for an 1100 lot development. The existing water infrastructure will not meet the demands 
of the new population and this was seen by Barwon Water as an excellent opportunity to implement 
IWM. The Fyansford development overlay had already been completed before this strategy was 
begun. This meant that Barwon Water had little ability to change the overlay to include IWM concepts 
without the consent of the developer.  
This strategy helped create an innovative, comprehensive and collaborative process for embedding 
IWM in new urban developments at both whole-of-precinct and sub-precinct scales. The strategy 
focused on a much broader suite of water related aspects than just consumptive use of water, which 
is what many other IWM Plans focused on at that time. It showed what could be achieved through a 
collaborative, cooperative approach to whole-of-water-cycle management as a way to enhance 
liveability outcomes for new communities by design. Each aspect of the planning process was 
designed to target the developer’s needs. This is especially noticeable by the use of the options 
matrix in the option selection process.  
The researchers believe that the options matrix used in this strategy is ideal for creating a strategy 
which was intended to influence the stakeholder. Barwon Water believes that planners do not need to 
spend thousands of dollars on detailed expensive consultant reports to create applicable integrated 
solutions. If planners can get the stakeholders in a room and facilitate a few workshops, an integrated 
plan can be create for a more liveable development at a lower cost. 
FINDINGS 
1. The process for a strategy should be guided by its intended outcomes  
The context for this strategy was very different to other case studies in this researcher program. 
Barwon Water did not intend to push integrated options upon developers through legislative means, 
instead opting for a more collaborative approach. This strategy recognised that and targeted the 
processes used to recommend and analyse options. The researchers strongly believe that planning 
processes used in other case studies in this research program would not have been as successful in 
achieving the agreements from the developer. The researchers believe that in future, planners should 
identify their context quickly. If their context is similar to the one seen in this case study they should 
use the processes outlined here. 
2. Option selection methods should be targeted towards those with decision making authority 
The options matrix used in this strategy was targeted to provide the information that the developer 
wanted to be able to make their decision. Most stakeholders in the water sector have a key strategic 
objective to implement options that come at the lowest community cost. Barwon Water recognised 
that the key objective of the developer is to create a desirable development. While there may be 
overlap between these two objectives, they are not the same and should be treated differently. When 
considering total community outcomes it is usually necessary to use reasonably complicated decision 
support tools such as a multi criteria assessment or cost benefit analysis. These require complex 
calculations and always involve weightings or assumptions that have some level of subjectivity in 
them. The result is less transparent, requires high technical literacy to understand, and can cause 
disagreement in the assumptions or weightings. All of this is not necessary when trying to show the 
developer that IWM will create a more desirable development. The developer wanted to see images 
of what their development would look like with IWM incorporated. These images showed the broad 
solution and how its pros and cons compared to other options. The Options worth pursuing in more 
detail could then be flagged. The researchers believe that option selection tools should be targeted 
those with authority to make decisions and that planners in future should understand that there is a 
wider range of tools that may be used. 
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3. Developers should be heavily involved in the planning process especially when they are 
responsible for implementing recommendations 
It is important to heavily involve those organisations that will be responsible for implementing the 
recommendations of the strategy. The developer was heavily involved at every stage of the planning 
process. This was appropriate as the developer was responsible for the majority of implementation. 
Other case studies in this research program have not heavily involved those responsible for 
implementation in the process. These examples have often not been effectively implemented. The 
researchers believe that all future strategies should recognise and involve the organisations 
responsible for implementation.  
4. Often strategies with low levels of technical detail are more effective 
This strategy has been completed in very low technical detail, something that the researchers believe 
to be entirely appropriate in this context. From the very beginning this strategy was very clear about 
its objectives. It was not intended to be a technically driven strategy. Rather it was driven by 
highlighting the potential social and liveability benefits of IWM. Without being bogged down in the 
complex calculations and data analysis the strategy was able to achieve the goals it set out to 
achieve. The researchers believe that had a more technical planning process been applied to this 
strategy the outcomes could not have been as positive as what was achieved. The researchers 
recommend future strategies should tailor the level of technical detail to be appropriate for their 
situation. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to the increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings that the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling and 
design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine the 
preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by internal 
management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes Anything which comes after the determination of planning recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors used to categorise each 
strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types outcomes has the strategy attempted 
to achieve from the hierarchy of outcomes 
Objective setting → 
Target setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-
organisational or intra-
organisational 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
Fyansford is a rural hamlet at the junction of the Barwon and Moorabool Rivers, just 5km west of 
central Geelong, Victoria’s second largest city. Geelong is expected to experience significant growth 
in the near future, with the population forecast to grow by approximately 90,000 people or 36% in the 
next 20 years. Fyansford is earmarked to contribute to housing of this new population. The area will 
be transformed into a unique peri-urban residential development over the coming years. This precinct 
will eventually provide approximately 1,100 lots covering a range of urban land uses over the next 
decade. 
There is little existing water infrastructure in Fyansford. A large part of Fyansford is a former quarry 
and materials processing site which will need extensive earthworks during development. This area 
straddles the lower reach of the Moorabool River near its convergence with the Barwon River before 
flowing into Geelong. Protection of the rivers is of importance to the City of Greater Geelong. 
 
Figure 2 – Location of Fyansford 
Scope descriptors 
Width 
The Review of Integrated Water Cycle Management Options for Fyansford covers an area of 3 km
2
, 
where there is currently a very small population. Fyansford is anticipated to cater for around 3,000 
residents. This strategy considered all water services. 
Depth 
This strategy has relatively low levels of technical modelling and has therefore been rated a 2 for 
detail. The options recommended in this strategy were decided upon by the developer and can 
therefore be considered external. The strategy has objectives and targets created previously. The 
strategy assesses and recommends certain projects for completion before reaching agreements with 
the developer to implement them. 
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Barwon Region Integrated Water Cycle Management Network 
To assist with increasing knowledge and shared responsibilities within the IWM space, all the water 
organisations and councils in the region came together and formed the Barwon Region Integrated 
Water Cycle Management Network (IWCM Network). This network has been used to bring 
stakeholders together and create multiple IWM strategies throughout the region, including both the 
Barwon Water case studies in this research program. At the time, the network’s member 
organisations were the Office of Living Victoria, Barwon Water, Colac Otway Shire, Southern Rural 
Water, and the Corangamite Catchment Management Authority. For both case studies this network 
was considered a stakeholder reference group. 
Framework 
The IWCM Network has developed their own IWCM framework, which both Barwon Water case 
studies have used.  
Figure 3 shows each stage of the method that Barwon Water uses to create IWM strategies in their 
region. 
 
Figure 3 – Method used in the IWCM Network IWCM framework 
The framework is heavily focused on engagement and defining objectives. Each plan completed using 
the framework has multiple stakeholder meetings and is relatively low in technical detail. Barwon 
Water noted that when using the framework it was not until the third meeting that solutions were 
discussed. The first two meetings will always only look into defining the problems and objectives of 
the strategy. The researchers believe this is an excellent way to bring stakeholders together by 
discussing values and visions. This framework also ensures that the solutions put forward address the 
real problems that the area faces. 
Water cycle aspects  
A very significant part of Barwon Water’s method is to break the water cycle down into seven, 
separate but interconnected Water Cycle aspects. Each strategy created using Barwon Water’s 
IWCM framework has framed its objectives with reference to the water cycle aspects. The Water 
Cycle Aspects are shown in figure 4. 
Project Initiation 
Analysis of 
Water Cycle 
System 
Vision, 
Outcomes & 
Objectives 
Identify IWCM 
Opportunities 
Describe existing 
IWCM actions 
Investigate and 
scope new 
IWCM initiatives 
Agree on 
priorities 
Prepare draft 
plan 
Prepare final 
plan 
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Figure 4 – Water Cycle aspects used in IWCM Network framework 
CONTEXT 
Objectives 
As mentioned earlier there had already been a number of planning strategies and policies completed 
that were applicable to the Fyansford area. These strategies are the Geelong Municipal Strategic 
Statement (GMSS), the Greater Geelong Planning Scheme (GPS), the G21 Regional Growth Plan 
(G21RGP), and the Fyansford Development Plan Overlay (FDPO). 
Barwon Water used these existing broad local planning objectives as a way of setting precinct based 
objectives for each aspect of the urban water cycle relevant to the development. These objectives 
were then tested with the developers’ own objectives for the development. The objectives were then 
re-framed to be balanced between meeting the needs of the developer and the broader community. 
Each of the important aspects of these strategies was mapped against the Water Cycle Aspects to 
determine what the objectives for each Water Cycle Aspect should be. The strategy goals and the 
mapping are shown in table 5. 
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Table 5 - Strategy goals and Water Cycle Aspect mapping 
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GMSS 
Build Sustainable Infrastructure        
Protect the natural environment        
Maintain and enhance rivers, 
wetlands and groundwater 
       
Protect connectivity between 
waterways and wetlands 
       
Incorporate best practice Water 
Sensitive Urban Design (WSUD) 
       
Encourage planting of low water 
use vegetation, particularly 
indigenous vegetation 
       
Encourage installation of 
alternative water supply systems 
where appropriate 
       
Ensure free passage of water 
whilst protecting development 
from flooding 
       
Contribute positively to the 
quality of the urban environment 
       
GPS Public conservation zone        
G21 RGP Planned Growth        
DPO 
A flexible tool to guide the future 
development of the land 
       
After the strategy goals were mapped against the Water Cycle Aspects the project team created 
Precinct Development Objectives for each of the Water Cycle Aspects with consideration to the four 
relevant strategies. The precinct development objectives are shown in table 6. 
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Table 6 – Precinct Development Objectives alignment with Water Cycle Aspects 
Water Cycle Aspects Precinct Development Objective 
Waterways & Flood 
To minimise increases in stormwater run-off and protect the 
environmental values and physical characteristics of receiving waters 
from degradation by urban run-off 
Major Drainage 
To minimise damage to properties and inconvenience to residents from 
urban run-off and to ensure that the street operates adequately during 
major storm events and provides for public safety. 
Land Use Plan & POS 
To design a land use plan which contributes positively to liveability 
aspects by enhancing connectivity between waterways and wetlands and 
the urban environment 
Stormwater 
Management 
To apply water sensitive urban design features to manage run-off in 
streets and public open space, enhance local liveability and identify 
sustainable management requirements of such assets 
Drinking Water 
To provide an adequate, cost effective supply of drinking water and 
reduce use of drinking water 
Sewerage 
To provide a wastewater system that is adequate for the maintenance of 
public health and the management of effluent in an environmentally 
friendly manner. 
Alternative Water 
To increase the use of alternative fit for purpose water to replace drinking 
water use 
Drivers 
As part of the state government’s direction for increased IWM, with the assistance of the Office of 
Living Victoria, the water related organisations in the Barwon region formed the Barwon Region 
Integrated Water Cycle Management Network, to help strengthen their capacity together in the area of 
IWM infrastructure planning. There were also multiple growth planning strategies produced in the 
region with an increased emphasis on environmental sustainability and water security. The major 
strategies relating to the Fyansford development were; the Geelong Municipal Strategic Statement, 
the Greater Geelong Planning Scheme, the G21 Regional Growth Plan, and the Fyansford 
Development Plan Overlay. 
Another major driver of the strategy was the realisation of the development of Fyansford as a specific 
opportunity to implement IUWM. As Fyansford has a relatively low amount of water service 
infrastructure, and needs that infrastructure to be built anyway, it is possible to implement IWM 
infrastructure at relatively low cost when compared with having to retrofit existing developments. 
Another advantage of Fyansford was that the developer was interested in creating a development that 
achieved better than minimum standards in terms of drainage infrastructure and liveability.  
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Figure 5 - Drivers for Review of IWCM options for Fyansford 
Assets 
On the whole, Fyansford currently is relatively underdeveloped in terms of water and sewerage 
infrastructure, with all the reticulation mains needing to be upgraded or installed as part of the 
development. Nearby Geelong is a large regional centre, the second largest city in Victoria. Geelong 
has very well developed water service infrastructure. It is likely that much of the water service 
infrastructure in Fyansford will be considered part of the Geelong system post-development. 
Currently, there is a small water main coming into Fyansford from Geelong which will likely need to be 
upgraded, but there is no reticulated sewerage in Fyansford or sewerage connection with Geelong. 
The Moorabool River runs through the middle of the development, just upstream of where the 
Moorabool and the Barwon rivers converge before flowing into Geelong. While the river could provide 
an outlet for stormwater flows, WSUD must be a cornerstone of the strategy to manage stormwater 
flows and protect the river. 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight 
The project team for this project consisted mainly of staff from Barwon Water and engineering 
consultants. They reported to the Fyansford developer, the City of Greater Geelong, The Corangamite 
Catchment Management Authority and Southern Rural Water, and the wider Barwon Region IWCM 
Network. This is shown in figure 6. 
Physical 
drivers 
• Drought leading to great emphasis on IUWM 
• Urban growth 
High level 
regional 
planning 
• Creation of Barwon Region IWCM Network 
• Multiple growth and planning strategies with an 
emphasis on environmental sustainablity 
Specific 
oppurtunity 
• Large amounts of growth in Geelong and Fyansford 
• Most developers in Fyansford wish to achieve better 
than minimum drainage standards 
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Figure 6 - Project team functioning and oversight 
Responsibility mapping 
In line with the IWCM Network’s framework, responsibility mapping was completed to determine which 
organisations were responsible for each Water Cycle Aspect as shown in table 7 below. The four 
organisations that feature in Table 7 are; 
 City of Greater Geelong (CoGG) – the local government of Geelong including Fyansford 
 Barwon Water (BW) – the water retailer responsible for Colac  
 The Corangamite Catchment Management Authority (CCMA) –  the authority responsible for 
the protection and enhancement of biodiversity in the Corangamite catchment 
 Southern Rural Water (SRW) – the bulk water supplier for southern rural Victoria 
Table 7 – Responsibility map, linking responsibilities of each organisation with the Water 
Cycle Aspects 
Water Cycle Aspect CoGG BW CCMA SRW 
Surface water in Waterways wetlands, & 
floodplains 
    
Groundwater & Surface Water Allocation     
Land use, planning roads & streets     
Public Open Space     
Urban Stormwater Management     
Drinking Water Service     
Sewerage Service     
Septic Tanks     
Reticulated recycled water     
Stormwater re-use     
Rainwater re-use     
Risk management 
No formal risk assessment was undertaken during this strategy. The main process of risk 
management completed was during the Option Shortlisting. Each of the potential options was given 
five deal breaker tests. These tests considered (1) is the option compatible with the stakeholder’s 
strategic goals, (2) is the option consistent with legislation or policy, (3) is the option acceptable in 
terms of environmental impacts, (4) is the estimated cost and/or financial risk reasonable, and (5) is 
the option likely to be acceptable to the community at large. If the option responded negatively in any 
of these test it was removed. This is explained in greater detail in the Option Shortlisting section. 
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STAKEHOLDER AND COMMUNITY ENGAGEMENT 
Stakeholder engagement is a very strong aspect of this strategy. There are two reasons that strong 
stakeholder engagement was necessary for this strategy. (1) The strategy was essentially owned by 
the stakeholder reference group the Barwon Region Integrated Water Cycle Management Network, 
and (2) the developer was given authority to make decisions.. 
As this development was already in advanced stages of planning, it is very difficult for water 
authorities to implement integrated water management above mandated minimums without developer 
consent. For these reasons the developer needed to have the authority to make decisions. 
The researchers believe that the main form of stakeholder engagement that occurred during this 
strategy was in the option selection process using the options matrix. The project team recognised 
that the developer was interested in a livable development. Information was presented to show what 
developments would look like and how they could be sold to residents. The project team did not 
appoarch the developer with complicated externality equations because these would be of no concern 
to the developer. More information can be found in the Option Selection section. 
No community engagement was specifically undertaken as part of this strategy, each organisation in 
the network was expected to act as a proxy for their own community, informed by their separate 
community engagement. 
OPTION IDENTIFICATION AND SHORTLISTING 
The assessment and selection of options was completed in three stages. First, a systems analysis 
investigated each of the water cycled aspects in Fyansford. It also identified any particular 
Development IWCM Opportunities and a number of potential options for each of the Water Cycle 
Aspects. Secondly, option screening was undertaken to ensure that each of the potential options, 
would be viable. Thirdly, the option selection process used an innovative options matrix to present the 
different portfolios of options to the developer and stakeholders. 
Figure 7 explains the process taken for Option Identification, Shortlisting, and Selection. This figure 
can be attributed to both sections of Option Identification and Shortlisting, and Option Selection. 
 
Figure 7 - Process of Option Identification, Shortlisting, and Selection 
Option 
Identification 
•Systems anlsysis of each of 
the Water Cycle Aspects to 
find opportunities and 
options 
Option 
Shortlisting 
•Option screening 
•Options given the "deal 
breaker" test to shortlist 
options 
•Led by expert opinion 
Option 
Selection 
•Decisions made by developers 
responsible for implementation 
•Options matrix to help 
developers make the decision 
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Systems analysis 
The systems analysis was undertaken to assess current situation of the infrastructure in the area in 
being able to meet the objectives of each Water Cycle Aspect. This investigation uncovered any 
potential opportunities or risks for implementing IWCM in the area. Using figure 8 as a guide, the 
project team then assigned several options for each of the Water Cycle Aspect. Some options would 
result in a more integrated approach. Each of these options would be put forward into the option 
screening process. 
 
Figure 8 – Guide to determining options for each Water Cycle Aspect 
A summary of the systems analysis is shown in table 8. 
  
1. Least 
innovative, 
integrated option 
2. Some level of 
innovation and 
degree of 
integration 
3. Significant level 
of innovation and 
degree of 
integration 
4. Best practice in 
innovation and 
integration 
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Table 8 - Systems analysis of each Water Cycle Aspect 
Water Cycle 
Aspect Development IWCM Opportunity Number of options 
Waterways, 
Wetlands, and 
Floodplains 
Enhance the degraded natural waterway 
corridor to contribute to a more liveable 
development 
1. Meets regulatory requirements 
2. Go beyond by optimising value of 
open space 
Major Drainage 
Utilise existing drainage structures, combined 
with in-precinct water sensitive urban design to 
improve water quality and reduce intensity of 
storm flows to receiving waters. 
Consider water sensitive urban design as a 
cornerstone feature of the urban design of the 
west precinct to enhance liveability 
1. Meet regulatory requirements. 
Drainage Not integrated 
2. Drainage partially integrated 
3. Go beyond by integrating 
stormwater drainage with WSUD 
Options 
Land use, and 
Public Open 
Space 
Consider natural and built aspects in the 
development design and take into account the 
extent, quality and connectivity of open space 
1. IWCM X (Not integrated) 
2. IWCM Friendly 
3. IWCM Exemplar 
Stormwater 
Consider water sensitive urban design as a 
cornerstone feature of the urban design of the 
west and east precincts to improve stormwater 
quality, manage flows and enhance liveability 
1. No WSUD 
2. WSUD A - Very large wetlands  
3. WSUD B - Rainwater tanks & large 
wetlands  
4. WSUD C - Bio retention, Swales, & 
medium wetlands 
5. WSUD D - Rainwater tanks, Bio 
retention, Swales, & small wetlands 
Drinking Water 
Connect the development to a reliable, safe 
and secure water supply system effectively and 
efficiently 
1. Conventional water supply 
2. Local WTP 
Sewerage 
Connect the development to a reliable, safe 
and secure sewerage network effectively and 
efficiently 
1. Septic tanks 
2. Lot scale grey water 
3. Conventional sewer 
4. New local WRP 
Alternative 
Water Sources 
Investigate opportunities to use the right water 
for the right purpose through the development 
and using local water locally where effective 
and efficient. 
1. Ground water 
2. River water 
3. Rain water 
4. Recycled water 
5. Stormwater harvesting 
Option screening 
Following the systems analysis to determine the options, they were then screened using five “deal 
breaker” tests. The five tests were; 
1. Strategic – Is the option compatible with the stakeholder’s strategic goals? 
2. Legislation, Policy/Governance – Is the option consistent with legislation or policy? 
3. Environmental – Is the option acceptable in terms of environmental impacts? 
4. Financial – Is the estimated cost and/or financial risk reasonable? 
5. Social – Is the option likely to be acceptable to the community at large? 
If the project team answered no to any of these questions for an option, the option was then deemed 
to be unviable. These unviable options were then removed from the process. Only the viable options 
went through the option selection. 
Table 9 shows the results of the option screening. 
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Table 9 - Results of the option screening 
Water Cycle Aspect Option S
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Viable? 
Waterways, Wetlands, 
and Floodplains 
Meets regulatory requirements      Yes 
Go beyond regulation      Yes 
Major Drainage 
Meet regulatory requirements      Yes 
Drainage partially integrated      Yes 
Go beyond fully integrated      Yes 
Land use, and Public 
Open Space 
IWCM X (Not integrated)      Yes 
IWCM Friendly      Yes 
IWCM Exemplar      Yes 
Stormwater 
No WSUD      No 
WSUD A      Yes 
WSUD B      Yes 
WSUD C       Yes 
WSUD D       Yes 
Drinking Water 
Conventional water supply      Yes 
Local WTP      No 
Sewerage 
Septic tanks      No 
Lot scale grey water      No 
Conventional sewer      Yes 
New local WRP      No 
Alternative Water 
Sources 
Ground water      No 
River water      No 
Rain water      Yes 
Recycled water      No 
Stormwater re-use dual pipe      No 
Stormwater re-use Open Space      Yes 
TECHNICAL EVALUATION 
In line with the IWCM Network’s framework, there was very low level of technical evaluation 
completed during this strategy. For each of the viable options, the project team brought together the 
approximate costs and indicative images to show the developer what each option would look like. 
This information was used in conjunction with the options matrix to assist the developer and 
stakeholders in making the decision for what would be built in the development. 
The researchers consider this a very appropriate way to complete the technical evaluation as it 
considers how best to explain each option to the developer and what they need to see in order to 
make their decision. 
OPTION SELECTION 
The option selection completed in this strategy took the form of an options matrix. With all the viable 
options included in the matrix, the project team were able to create a suite of options to become the 
recommended solution.  
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The development was broken into 9 sub precincts; some of these had very similar characteristics and 
were therefore considered during the option selection process as the same. In total there were six 
different groups of sub-precincts that were assessed during this case study. 
For each of the groups of sub-precincts, the project team brought together all viable options from the 
option screening and separated them according to Water Cycle Aspects according to the matrix 
shown in figure 9. It was then the role of the developer to select one option for each aspect to bring 
together their suite of options called solutions. The solutions became the recommendations of the 
strategy. The project team were able to assist by explaining the net outcome of each solution and by 
explaining which options were reliant upon other options (eg residential third pipe is not viable if septic 
tanks are installed).  
  
Figure 9 – Matrix of options to address each Water Cycle Aspect 
As the developer that was responsible for implementing most of the projects was included in the 
option selection of the strategy, governance and regulation, and financing are non-issues. The 
developer has agreed to what is needed to be implemented and because of the option screening, 
they already knew that each option is viable. In the researcher’s opinion, this is a strategy with a high 
likelihood of implementation. 
The project team also considered the way information was presented to the developer. On the whole, 
the developer was most interested in creating a development that people want to buy lots in. Their 
objective is not necessarily lowest community cost. The options matrix was presented with indicative 
images of what the development might look like and showed the developer what they could expect if 
they implement each solution. 
The researchers believe that the transparency and ownership that the developer had as the authority 
to make decisions in this strategy could not have been achieved with a more traditional decision 
support tool. This very simple method is very transparent and easy to follow. Traditional decision 
support tools like multi-criteria assessment or cost benefit analysis depend on complex calculations. 
The more complex, the higher technical literacy is required to follow them, meaning they are less 
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transparent. There are also many assumptions or weightings of different criteria which are often 
difficult to reach agreement upon. These decision support tools also do not produce the visual 
representations of what could be achieved. 
The Options Matrix is very much focused on creating implementable outcomes of each strategy and 
therefore ensures that those with the authority to make decisions are also responsible for ensuring 
implementation of the solutions. The researchers believe that this is an innovative way to present the 
option selection process to those with the authority to make decisions, it allows them to easily see the 
impacts of their decision and how their development will look after the solution has been 
implemented. The researchers believe that the option matrix is not only an option selection aid but 
also a stakeholder engagement tool. 
The results of the options matrix were condensed into development outcomes for each of the sub-
precincts. Table 10 shows the Development Outcomes in each of the sub-precincts. 
Table 10 - Fyansford Sub-Precinct Outcomes 
Precinct 
Land Use 
Type 
Equivalent 
Lots Development outcomes 
1 
Standard 
Residential 
150 
 Minimise stormwater infrastructure costs by utilising 
green linear drainage reserves 
 Attractive planting in linear drainage reserves 
 Landscaping/Water feature/ WSUD in existing sed. pond 
 Remove weedy plants and revegetate riverside reserve 
2 & 2(a) 
Medium 
Density 
Residential 
140 
 Maximise developable area and minimise infrastructure 
costs by meeting WSUD objectives in sub-precinct 1 
 Provide attractive landscaping in riverside reserve 
3 Commercial 75 
 Maximise the developable area 
 Apply development controls to minimise water use 
4 
Medium 
Density 
Residential 
25 
 Maximise views from elevated land 
 Minimise setback from steep batter through Geotech 
advice 
 Optimise the use of the setback area for WSUD 
5 
Residential / 
Commercial 
40 
 Maximise views from elevated land 
 Minimise setback from steep batter through Geotech 
advice 
 Optimise the use of the setback area for WSUD 
6 
Residential / 
Commercial 
80 
 Maximise views from elevated land 
 Minimise setback from steep batter through Geotech 
advice 
 Optimise the use of the setback area for WSUD 
7 Commercial 15 
 Maximise developable area by providing WSUD in 
precinct 9 land area 
 Optimise earthworks on the site to developable area. 
8 
Standard 
Residential 
250 
 Attract high profile office developments 
 Apply development controls to minimise water use 
9 
Innovative 
Residential 
325 
 Create permanent water features at toe of quarry walls 
 Optimise earthworks on the site to developable area. 
GOVERNANCE AND REGULATION, AND FINANCING 
There are few financing and governance issues with this strategy, therefore the sections of 
Governance and Regulation, and Financing have been merged. 
It is very unlikely that governance or financing issues will impede any of the options put forward by 
this strategy. As mentioned previously the developers were given the authority to make decisions in 
this strategy responsible for implementation of the options put forward by it. Also, the project team 
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know that each option is viable in terms of regulation and financing because of the screening process 
to remove unviable options. 
OUTCOMES 
As the developer took the role of decision making in the strategy, the outcomes were very much 
dependant on each developer’s appetite for Integrated Water Management. Barwon Water noted that 
by showing them what IWM could look like the developers were excited and agreed to implement 
relatively progressive solutions. It showed what could be achieved through a collaborative, 
cooperative approach to whole-of-water-cycle management as a way to enhance liveability outcomes 
for new communities by design. IWM can be implemented at differing scales to embed it into the 
planning process. 
The researchers and Barwon Water believe that planners do not need to spend thousands of dollars 
on detailed expensive consultant reports to create applicable integrated solutions. If planners can get 
the stakeholders in a room and facilitate a few workshops, an integrated plan can be created for a 
more liveable development at a lower cost. 
As this is only a recent strategy it is not yet possible to assess whether the options have been 
successfully implemented.  
FINDINGS 
1. The process for a strategy should be guided by its intended outcomes  
The context for this strategy was very different to other case studies in this researcher program. 
Barwon Water did not intend to push integrated options upon developers through legislative means, 
instead opting for a more collaborative approach. This strategy recognised that and targeted the 
processes used to recommend and analyse options. The researchers strongly believe that planning 
processes used in other case studies in this research program would not have been as successful in 
achieving the agreements from the developer. The researchers believe that in future, planners should 
identify their context quickly. If their context is similar to the one seen in this case study they should 
use the processes outlined here. 
2. Option selection methods should be targeted towards those with decision making authority 
The options matrix used in this strategy was targeted to provide the information that the developer 
wanted to be able to make their decision. Most stakeholders in the water sector have a key strategic 
objective to implement options that come at the lowest community cost. Barwon Water recognised 
that the key objective of the developer is to create a desirable development. While there may be 
overlap between these two objectives, they are not the same and should be treated differently. When 
considering total community outcomes it is usually necessary to use reasonably complicated decision 
support tools such as a multi criteria assessment or cost benefit analysis. These require complex 
calculations and always involve weightings or assumptions that have some level of subjectivity in 
them. The result is less transparent, requires high technical literacy to understand, and can cause 
disagreement in the assumptions or weightings. All of this is not necessary when trying to show the 
developer that IWM will create a more desirable development. The developer wanted to see images 
of what their development would look like with IWM incorporated. These images showed the broad 
solution and how its pros and cons compared to other options. The Options worth pursuing in more 
detail could then be flagged. The researchers believe that option selection tools should be targeted 
those with authority to make decisions and that planners in future should understand that there is a 
wider range of tools that may be used. 
3. Developers should be heavily involved in the planning process especially when they are 
responsible for implementing recommendations 
It is important to heavily involve those organisations that will be responsible for implementing the 
recommendations of the strategy. The developer was heavily involved at every stage of the planning 
process. This was appropriate as the developer was responsible for the majority of implementation. 
Other case studies in this research program have not heavily involved those responsible for 
implementation in the process. These examples have often not been effectively implemented. The 
Lachlan Guthrie – PhD Thesis 217
IMPROVING PLANNING PROCESSES FOR IUWM INFRASTRUCTURE 
Water Research Australia Ltd – PhD Project 4504  21 
 
researchers believe that all future strategies should recognise and involve the organisations 
responsible for implementation.  
4. Often strategies with low levels of technical detail are more effective 
This strategy has been completed in very low technical detail, something that the researchers believe 
to be entirely appropriate in this context. From the very beginning this strategy was very clear about 
its objectives. It was not intended to be a technically driven strategy. Rather it was driven by 
highlighting the potential social and liveability benefits of IWM. Without being bogged down in the 
complex calculations and data analysis the strategy was able to achieve the goals it set out to 
achieve. The researchers believe that had a more technical planning process been applied to this 
strategy the outcomes could not have been as positive as what was achieved. The researchers 
recommend future strategies should tailor the level of technical detail to be appropriate for their 
situation. 
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Appendix A3 – Total Watermark – City as a Catchment 
 
 
Lead organisation City of Melbourne 
Location Inner Melbourne 
Brief description 
Targets and high level strategic 
IUWM objectives for the City of 
Melbourne 
Technical Detail Low detail (2/10) 
Outcomes Objective setting 
Approvers Internal 
Water services included Two (Drainage & alternative water) 
Geographical size 36 km2 
Population impacted 300,000 people 
Interesting aspects of 
this case study 
Responsibility mapping, Stakeholder 
engagement 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
Total Watermark is the City of Melbourne’s Integrated Water Management strategy, first created in 
2004 and updated in 2009 and 2014. This strategy sets high level targets and objectives to create a 
facilitating environment to allow progress towards a water sensitive city. Total Watermark covers the 
entire municipal area of the City of Melbourne. Total Watermark does not put forward any 
recommended infrastructure projects and includes only very little detailed analysis in the strategy. The 
strategy does outline the processes which must be used when councils are planning new IUWM 
projects within the city of Melbourne. 
This case study has used captured learnings from both the 2009 and 2014 versions of Total 
WaterMark. There were several differences between these two strategies which were changed 
because of learnings from the 2009 strategy. While the main focus of this case study is the 2014 
strategy, it has also captured learnings from the 2009 version. 
The previous versions of the strategy have resulted in 26 alternative water projects throughout 
Melbourne’s central business district and inner suburbs. The City of Melbourne is currently in 
discussion with other stakeholders about the implementation of more projects. 
FINDINGS 
1. Having a clear strategy can make it easier to obtain grant funding and collaboration from 
other stakeholders 
When implementing the infrastructure recommendation of the 2009 version of Total WaterMark, City 
of Melbourne noted that they were able to receive funding from external sources. They believe that 
they were able to receive this funding because they had a clear strategy, with a vision for what the 
council would try to achieve. When grants would open they would already have a clear strategic 
direction that the funding would fit into. The researchers believe that completing initial planning to find 
a strategic vision and objectives has assisted CoM to receive funding from grants and other 
collaboration partners. 
2. Mapping of stakeholder responsibilities is very important for future implementation planning 
A feature of this strategy was that it mapped the responsibilities of each of the involved and relevant 
stakeholders. The stakeholders have also been brought into this discussion and have accepted their 
areas of responsibility. With the responsibility areas mapped and understood by all stakeholders, it 
benefits future planners in two ways. (1) Key stakeholders are able to be identified quickly and easily 
when project planning begins. Being able to identify stakeholders means that stakeholder 
engagement can be better planned and targeted to the correct audience. (2) Those key stakeholders 
have already agreed to what their responsibilities are. This can remove any doubt over who is 
responsible for what and therefore how much they should contribute. This problem has arisen in other 
case studies. The researchers believe that clear responsibility mapping should become a key aspect 
of any future strategy. 
3. It is difficult to recommend projects when planning at a high scale and there is a risk of 
reputational damage if options are not implemented 
One of the key differences between the 2014 update and the 2009 strategy was that the 2014 version 
did not recommend any projects. City of Melbourne noted that it is very difficult to plan for individual 
projects at the same time as high level planning. During the five year length of this strategy there can 
often be vast changes in priorities which would change the importance and timing of the projects. 
There could also be many unforseen barriers that can only be identified through detailed technical 
investigations.  
The City of Melbourne also believes that there is a reputational risk in recommending projects that 
may not eventuate. City of Melbourne wanted this strategy to remain at a high level without going into 
the detail of the 2009 strategy. They believe this would provide them more flexibility when deciding on 
projects to build. 
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The researchers believe that if high level strategies do not intend to complete detailed planning, 
project planning should not be included in the findings. 
4. Creation of ongoing stakeholder partnerships is of great value 
The researchers believe that one of the major outcomes of this strategy was the ongoing partnership 
meetings. Creating these groups can be incredibly beneficial in future collaboration and integration. 
This strategy could be viewed as a catalyst for bringing these parties together. The researchers 
believe that such outcomes should be considered when judging the overall success of a strategy and 
planners should actively look for these opportunities when completing future strategies. 
5. It is vitally important to get opinions from a wide range of stakeholders 
When completing internal strategies it is vitally important to seek out and ascertain the opinions of 
various stakeholders. The project team assembled for this strategy was completely internal and the 
researchers believe that there was a risk that it could become too narrowly focused. By creating both 
an internal and external reference group this risk was mitigated. The researchers believe that internal 
and external reference groups should be considered when undertaking future strategies. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. The case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper has been written on this process and has 
been published in Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each 
case study the researchers have recorded information on each of the planning components contained 
in blue boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling and 
design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options to determine the 
preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by internal 
management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors to be used to categorise 
each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types of outcomes has the strategy 
attempted to achieve from the hierarchy of 
outcomes 
Objective setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-
organisational or intra-
organisational 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
The City of Melbourne is the local government area responsible for central Melbourne, including the 
central business district (CBD) and other inner suburban areas. While the City of Melbourne is 
responsible for street level drainage in the municipal area, the main involvement in water is as a user 
for their many parks and tens of thousands of street trees. The City of Melbourne is not involved to 
any great level with potable water or sewerage services. The irrigation water used for public open 
space does not need to be the same high standard water that Melburnians drink. This gives the City 
of Melbourne a high demand for lower cost, lower quality fit-for-purpose water. Many of the drains that 
the City of Melbourne manages also offer an easy to access and relatively reliable supply of 
stormwater throughout the city. Many parks have major drains that flow through them. Melbourne 
Water also owns and manages many of the larger drains that flow through the CBD. Melbourne Water 
and the City of Melbourne have a good working relationship. If these drains were earmarked for use in 
a project, governance would need to be arranged but would not be difficult to organise. 
Total Watermark: City as a Catchment strategy was first created in 2004 and updated in 2009 and 
2014 using much the same process. The 2014 version of Total WaterMark is the subject of this case 
study. The 2009 version of the strategy was completed in greater amount of technical detail, with the 
help of consultants. The 2009 version recommended various targets and objectives for the City of 
Melbourne’s water infrastructure. This version also recommended individual infrastructure projects to 
achieve the targets and objectives. The 2014 strategy then had a strong technical base to work from 
and therefore just needed internal staff to update it. It did not propose any individual infrastructure 
projects, but updated the targets and objectives for the coming years. 
 
Figure 2 - Map of the City of Melbourne 
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Scope descriptors 
Width 
Both drainage and alternative water have been considered by this strategy. The strategy includes the 
entire City of Melbourne municipality of 36 km
2
. The City of Melbourne has a low residential 
population, approximately 122,000 people (2014), compared with the number of people that work, 
study, and visit the city daily - approximately 732,000 (2014). Because of this disparity the 
researchers have calculated the number of people impacted as 300,000, approximately one third of 
these numbers combined. This number is intentionally only a very approximate figure. 
Depth 
The strategy goes into relatively low levels of technical depth and sets objectives and targets, without 
investigating individual projects or their implementation. This was an internal strategy, only seeking 
council approval. 
CONTEXT 
Background 
Prior to the millennium drought, much of the trees and parkland was irrigated with potable water. 
During the drought, to save this water for human consumption, water restrictions were implemented 
and limited the amount of water the council could use for irrigation. Many of the trees throughout 
Melbourne died or were significantly damaged due to these watering restrictions. The flow on effects 
resulted in a large impact to the amenity of the city. The expected growth of the city increases the 
demand for high quality public open space, and also increases total water consumption and likelihood 
of future water restrictions. 
Another negative consequence of development is the increase in stormwater runoff and pollution 
caused by the impervious surfaces. This would cause degradation in the quality of the waterways and 
also an increase in both the severity and frequency of flooding. The City of Melbourne recognised this 
as another driver for Total Watermark. 
During and directly following the millennium drought was considered “the golden age” of water 
recycling. During this time fit-for-purpose water was strongly supported by the state government 
through many policies, strategies, and grants. The City of Melbourne believed that having a clear 
strategy would increase the likelihood of receiving grant funding. 
This strategy aimed to increase the resilience of the irrigation water supply by maximising the fit-for-
purpose water that could be used in the city. The strategy viewed the water balance of the city as a 
whole, so any efficiency savings would also be considered.  
Other releated Strategies 
In 2008 the City of Melbourne created a strategic plan for the entire city, with water and climate 
adaptability central themes of the strategy. The strategy outlined six “goals”, which were in essence 
long term visions for the City of Melbourne in 2020. One of the goals, becoming an “Eco-City”, 
outlined several other sub-goals. One of the sub-goals was viewing the “city as a catchment”, this 
became the main driver of the 2009 version of Total Water Mark. 
Following on from the Future Melbourne Strategy, four year council plans outlined how this vision 
would be achieved. Using recommendations for the Climate Change Adaptation Strategy CoM 
created Total WaterMark, the Urban Forest Strategy, and the Open Space Strategy. 
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Figure 3 - Related City of Melbourne strategies 
Future Melbourne 
Written in 2008, Future Melbourne created the vision for Melbourne in 2020. This included the goal of 
creating an Eco-City to help reduce the impacts of climate change. Future Melbourne is being 
updated in 2016. 
Four year council plan 
Four year council plans created the steps for implementing the goals outlined in Future Melbourne. 
This includes creating Total WaterMark in 2009 and updating it in 2014. 
Climate Change Adaptation Strategy 
The Climate Change Adaptation Strategy written in 2012 mainly included a risk assessment which 
outlined the greatest risk to Melbourne according to climate change modelling in both 2030 and 2070. 
One of the key recommendations was how important sustainable water management was in 
Melbourne and that Total WaterMark should be updated. 
Urban Forest and Open Space strategies 
The Urban Forest strategy was a plan for maintaining and improving tree cover in Melbourne, and the 
Open Space strategy considered the demands of growth and created a plan to ensure all Melburnians 
had access to public open space. Both of these strategies required water, which then became key 
inputs into Total WaterMark. 
Future Melbourne Strategy 
Four year council Plans 
Climate Change Adaptation Strategy 
Total 
WaterMark 
Urban Forest 
Strategy 
Open Space 
Strategy 
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Figure 4 – Total WaterMark drivers 
Assets 
The City of Melbourne manages an enormous area of park land, with tens of thousands of trees; this 
makes the city a potentially large user of fit-for-purpose non-potable water. As Melbourne is a highly 
urbanised city with a high density of people and hard surfaces, there is an oversupply of stormwater 
during storm events. The stormwater drains and large sewer pipes often flow through the middle of 
the city’s many parks meaning that many have considerable and consistent access to stormwater. 
The City of Melbourne has both supply and demand side assets for alternative water schemes. 
Melbourne Water manages some of the larger sewers and stormwater drains throughout the city. 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
The Total WaterMark strategy was created entirely by City of Melbourne. As the strategy was part of 
the council plan, it needed to be briefly reported upon at each monthly council meeting during its 
creation using a traffic light system. 
The project team was entirely internal to CoM staff, only featuring members from one team. This 
strategy also had an external and internal reference group to give guidance to the strategy. The 
external reference group was made up of key external stakeholder organisations. The internal 
reference group was made up of key stakeholders from across council. Both groups met quarterly to 
provide guidance to the project team and were asked to contribute on the same issues. 
Physical Drivers 
• Milenium Drought 
• Climate Change 
• Urban Growth 
• Increase in flooding severity and decrease in water quality 
Future 
Melbourne 
• Vision for Melbourne to become an Eco-City 
• Viewing the "City as a Catchment"  
Other 
Strategies 
• Climate Change Adaptation Strategy 
 - Push to sustainably manage water 
• Urban Forest and Open Space Strategies 
 - Trees and open space must be supplied with adequate water 
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Figure 5 – Project team functioning 
Risk management 
As Total WaterMark set targets for Melbourne to achieve sustainable water management and does 
not investigate specific options, there was very little risk management required by this strategy. Risk 
management would be completed at the project planning stage. 
As mentioned earlier the Climate Change Adaptation Strategy included a detailed risk assessment, 
which informed Total WaterMark. This risk assessment identified which issues would be important in 
order for the City of Melbourne to adapt to a different climate. Flooding was highlighted as a major risk 
if the water in Melbourne could not be sustainably managed. 
While this risk assessment could determine what problems would need to be addressed by Total 
WaterMark, it did not look into the potential risks of different options or specific projects or 
technologies. 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
Stakeholders 
When creating the strategy, the City of Melbourne consulted with a broad range of over 15 
organisations involved in Melbourne’s water sector. This included consulting with; 
• Water authorities 
• Victorian Government departments 
• Property developers 
• Regulators 
• Research bodies and universities 
• International Cities networks 
These organisations formed the external reference group. The external reference group helped to 
identify the focus areas, issues and challenges that would be addressed as part of Total WaterMark. 
CoM noted that these meetings have been recurring regularly even after the strategy had been 
completed. The researchers believe this ongoing meeting to be of great value for the continuing 
integration of Melbourne’s water sector. 
In addition to the multiple internal and external reference group meetings CoM also held two 
stakeholder workshops which invited members of the same organisations, but generally in different 
positions, to get different perspectives. The first of these workshops was held to discuss and find 
agreement on the themes that Total WaterMark would investigate. The second workshop was held to 
road test the ideas put forward by the strategy. Both of these workshops had approximately 20-30 
attendees. 
City of Melbourne also completed a detailed systems analysis to determine the responsible parties for 
each aspect of the water system in Melbourne. This was completed so that each responsible 
organisation knew what their responsibilities were and how those interacted with other organisations. 
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This analysis was completed in consultation with all the relevant organisations. Each organisation 
agreed in principle to assist with achieving the objectives of the strategy. 
Community 
To engage with the community the draft strategy was released for public comment. During this time 
the CoM completed six weeks of community consultation, during which community members had the 
opportunity to provide feedback on the draft document. CoM noted that sometimes over-
communication with the public can be unhelpful. The researchers believe that considering the high 
level nature of this strategy the low amount of community engagement was appropriate. 
However the majority of community engagement that CoM completed was during individual project 
planning phases which occurred separately from this strategy. This gave CoM a good idea about the 
needs and expectations of the community. 
OPTION IDENTIFICATION AND SHORTLISTING, TECHNICAL 
EVALUATION, & OPTION SELECTION  
The 2009 version of Total WaterMark was completed in much greater technical detail. The 2014 
version was seen as largely a less technical update of this strategy and therefore did not need to be 
as heavily technical. 
This strategy was largely driven by expert opinion and, as only objectives and targets have been set, 
the technical evaluation was also relatively low in its level of detail. Therefore the researchers have 
decided to merge the three components of option identification and shortlisting, technical evaluation, 
& option selection.  
The 2009 version of Total WaterMark recommended individual infrastructure projects to best achieve 
the objectives of the strategy, however many of these projects were never completed. There is a great 
level of uncertainty involved in recommending individual projects when planning at a high level. When 
updating the strategy, CoM saw this as being a potential reputational risk if priorities changed and 
they decided not to implement what was in the strategy. CoM noted that there is often a shift in 
priorities over the life of a strategy; therefore it is very difficult to predict if individual projects proposed 
by a strategy will be able to be implemented. 
The recommendations in the 2014 version of the strategy do not include any individual projects. The 
CoM planners opted for greater flexibility in this strategy. CoM decided to only adjust targets and 
create measures from which objectives could be measured for Melbourne. Also, by making the 
strategy less technical it would become more accessible to the community. CoM had already met their 
previous 2020 targets for water use, so these targets needed to be adjusted. These targets were 
adjusted by what experts considered to be achievable, taking into account the water supply needs of 
the Urban Forest and Open Space strategies. 
Tables 5 and 6 show the updated objectives and targets as recommended by the 2014 strategy. 
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Table 5 - Objectives and measures of progress of 2014 Total WaterMark 
Section Objectives Measure of progress 
Climate 
change 
adaptation and 
flood 
 Adaptation and flood risk embedded 
into planning process. 
 The Melbourne municipality has an 
aware and prepared community. 
 The level to which climate change adaptation 
is incorporated into urban planning initiatives. 
 Level of awareness of residents and business 
about climate change and flood risks. 
Water for 
liveability 
 Water and liveability embedded in 
planning processes. 
 Access to waterways and public 
open spaces help support a healthy 
population. 
 Implementation of City of Melbourne’s Open 
Space Strategy. 
 Increased frequency and diversity of water-
based public activity. 
Water for the 
environment 
 Our major waterways are healthy 
and clean. 
 Soil moisture supports a healthy 
urban forest. 
 Optimise stormwater quality. 
 Health of waterways (measured by Melbourne 
Water). 
 Decreased runoff (modelled data). 
 Increased infiltration (modelled data). 
Water use 
 Optimise fit-for-purpose water use. 
 Water supply infrastructure is 
planned for current and future 
demand. 
See targets 
Table 6 - Targets of 2014 Total WaterMark 
Section 2018 targets 2030 targets 
Water for the 
environment 
 20% reduction in Total Nitrogen 
contributed to the waterways from 
the municipality of Melbourne’s 
catchment (baseline year 2000). 
 30% reduction in Total Nitrogen 
contributed to the waterways from 
the municipality of Melbourne’s 
catchment (baseline year 2000). 
Water use 
 Council: 30% of all water use 
sourced from alternative water 
sources. 
 Municipal: 8% of all water use 
sourced from alternative sources. 
 Council: 50% of all water use 
sourced from alternative water 
sources. 
 Municipal: 20% of all water use 
sourced from alternative sources. 
As no individual infrastructure options were put forward by this strategy, there was no option 
identification or shortlisting process used. This was done separately from the strategy creation 
process. There are a variety of ways that projects can be identified. Modelling is often used to find 
weakness in the system, for example if an area is likely to flood or a pipe is undersized. CoM always 
tries to be innovative in the solutions that they put forward. When assessing these projects City of 
Melbourne planners will consider the three questions below; 
 Is there an asset being renewed? 
 Is there an amenity benefit? 
 Can we do something innovative? 
GOVERNANCE AND REGULATION 
While governance responsibilities were comprehensively mapped for this strategy and agreements 
with relevant stakeholders achieved, there was very little detail regarding governance and regulation. 
As no infrastructure options were put forward, only targets created, and it is likely that the majority of 
future infrastructure would be owned and operated by the City of Melbourne; this is considered by the 
researchers to be appropriate.  
The researchers believe that this is the reason that responsibility mapping is vitally important. Moving 
forward any project planner can quickly and easily understand who the key stakeholders are and what 
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interactions are required. These stakeholders have already agreed to the overall aims of the strategy 
and their responsibilities in the water cycle. 
As some of the larger drains are managed by Melbourne Water, many potential projects may involve 
a governance agreement with them. CoM noted that they have a good relationship with Melbourne 
Water and that these agreements should be relatively simple to organise. 
FINANCING 
The creation of Total Watermark strategy was paid for entirely by City of Melbourne, with no external 
funders. It is expected that any future water infrastructure would be paid for by the City of Melbourne 
in addition to external government and industry grants when they are available. The funding for each 
future project will be determined on a case by case basis and could involve multiple funders, 
depending of the project. 
One learning from the 2009 strategy was that having a strategy in place made it easier for the Council 
to apply for and receive grant funding. 
OUTCOMES 
As the 2014 strategy is relatively new, it is difficult to report on the outcomes of the strategy. However, 
the 2009 version of the strategy used similar processes. For these reasons this outcomes section 
mainly refers to the 2009 version of the strategy. 
In the five years following Total Watermark 2009, volumes of potable water being consumed in the 
City of Melbourne by residential, non-residential, and council have remained largely unchanged. This 
is a strong achievement considering that during the same time frame there has been removal of water 
restrictions and significant growth in the city. 
Figure 6 shows the water usage in the City of Melbourne from 1999 to 2013. 
 
Figure 6 - Water usage in the City of Melbourne 
There are now 26 stormwater harvesting schemes within the city of Melbourne, and this can be 
considered a direct result of the City of Melbourne’s Total Watermark strategy. There are currently 
ongoing discussions with partners regarding which projects will be built in the near future. A 
stormwater harvesting scheme in Lincoln Square is about to get underway. 
The researchers believe that a key outcome from the 2014 version of the strategy was the 
continuation of the partnerships formed in the external reference group. This group has continued to 
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meet approximately every six months. These partnerships can continue to foster collaboration and 
integration between these organisations. 
FINDINGS 
1. Having a clear strategy can make it easier to obtain grant funding and collaboration from 
other stakeholders 
When implementing the infrastructure recommendation of the 2009 version of Total WaterMark, City 
of Melbourne noted that they were able to receive funding from external sources. They believe that 
they were able to receive this funding because they had a clear strategy, with a vision for what the 
council would try to achieve. When grants would open they would already have a clear strategic 
direction that the funding would fit into. The researchers believe that completing initial planning to find 
a strategic vision and objectives has assisted CoM to receive funding from grants and other 
collaboration partners. 
2. Mapping of stakeholder responsibilities is very important for future implementation planning 
A feature of this strategy was that it mapped the responsibilities of each of the involved and relevant 
stakeholders. The stakeholders have also been brought into this discussion and have accepted their 
areas of responsibility. With the responsibility areas mapped and understood by all stakeholders, it 
benefits future planners in two ways. (1) Key stakeholders are able to be identified quickly and easily 
when project planning begins. Being able to identify stakeholders means that stakeholder 
engagement can be better planned and targeted to the correct audience. (2) Those key stakeholders 
have already agreed to what their responsibilities are. This can remove any doubt over who is 
responsible for what and therefore how much they should contribute. This problem has arisen in other 
case studies. The researchers believe that clear responsibility mapping should become a key aspect 
of any future strategy. 
3. It is difficult to recommend projects when planning at a high scale and there is a risk of 
reputational damage if options are not implemented 
One of the key differences between the 2014 update and the 2009 strategy was that the 2014 version 
did not recommend any projects. City of Melbourne noted that it is very difficult to plan for individual 
projects at the same time as high level planning. During the five year length of this strategy there can 
often be vast changes in priorities which would change the importance and timing of the projects. 
There could also be many unforseen barriers that can only be identified through detailed technical 
investigations.  
The City of Melbourne also believes that there is a reputational risk in recommending projects that 
may not eventuate. City of Melbourne wanted this strategy to remain at a high level without going into 
the detail of the 2009 strategy. They believe this would provide them more flexibility when deciding on 
projects to build. 
The researchers believe that if high level strategies do not intend to complete detailed planning, 
project planning should not be included in the findings. 
4. Creation of ongoing stakeholder partnerships is of great value 
The researchers believe that one of the major outcomes of this strategy was the ongoing partnership 
meetings. Creating these groups can be incredibly beneficial in future collaboration and integration. 
This strategy could be viewed as a catalyst for bringing these parties together. The researchers 
believe that such outcomes should be considered when judging the overall success of a strategy and 
planners should actively look for these opportunities when completing future strategies. 
5. It is vitally important to get opinions from a wide range of stakeholders 
When completing internal strategies it is vitally important to seek out and ascertain the opinions of 
various stakeholders. The project team assembled for this strategy was completely internal and the 
researchers believe that there was a risk that it could become too narrowly focused. By creating both 
an internal and external reference group this risk was mitigated. The researchers believe that internal 
and external reference groups should be considered when undertaking future strategies. 
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Appendix A4 – Footscray Activities Area IWM 
Investigation 
Lead organisation City West Water 
Location 
Footscray (Inner Western 
Melbourne) 
Brief description 
Investigation into Integrated Water 
Servicing of the Footscray Activities 
Area 
Technical Detail High detail (8/10) 
Outcomes Analyse and Recommend options 
Approvers Internal Approvers 
Water services included 
Three services (Water, sewerage & 
alternative water) 
Geographical size 3 km2 
Population impacted 13,000 people 
Interesting aspects of 
this case study 
Option shortlisting, Technical 
evaluation, Option selection 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva 
RMIT University  
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
The Footscray IUWM Investigation is City West Water’s (CWW) IWM strategy for the redevelopment 
of the Footscray Activity Area (FAA). The FAA is a joint project between local and state government to 
help move Footscray towards becoming the capital of western Melbourne. IUWM solutions are most 
often not cost-effective in developed areas, and CWW saw the redevelopment as an opportunity to 
implement IUWM in an existing suburb. 
Findings 
1. IUWM planning takes a long time so it is good to start early 
IWCM strategies, such as this one, are developed to understand the benefits and opportunities of an 
integrated versus a conventional servicing approach and therefore not every investigation will 
necessarily be implemented. It could be argued that, as this strategy was never implemented, it was a 
waste of resources, however the researchers do not believe this to be the case. In many of the project 
case studies investigated during this research program there is evidence of rushed planning caused 
by an immediate need for extra water. Often these projects were not informed by previous planning 
strategies and the resulting rushed planning achieved sub-optimal outcomes and decisions that were 
not properly justified. The researchers believe that completing initial planning, prior to the need for 
extra water, would result in better informed and more justified decisions, and therefore more effective 
planning outcomes. 
2. Highly technical strategies need high levels of oversight to ensure accuracy and 
transparency 
This strategy is highly technical with a strong focus on calculated results informing decision making. 
The researchers have noted some not fully justified assumptions in this case study. As with any 
strategy it is important to clearly define and document all assumptions and undertake comprehensive 
auditing to ensure transparency and accuracy, this is especially important for highly technical 
strategies such as this.  
3. Multiple levels of shortlisting allow for more options to be included initially 
In this strategy planners used three stages of assessment to determine the preferred option. As part 
of each assessment the list of options was refined and less optimal options removed. This process 
has allowed for 16 options to be considered in the initial stages of the strategy, the second highest of 
any strategy (considered as part of this research) which does not investigate multiple sub-regions. 
4. Primary criteria of an MCA should be the same through assessment phases 
A two-tiered multi-criteria assessment (MCA) has been used as part of the final two assessment 
stages in this strategy, with both stages using the same primary criteria with the same weighting. The 
researchers believe this is the preferable method as the MCA can largely remain the same, with more 
detail added in for later stages through the secondary criteria. It is conceivable that if planners use 
different primary criteria weighting at different stages, an option which would be the preferred option 
as determined by the final assessment could be eliminated at an earlier stage. 
5. Using a common baseline for comparing options is beneficial 
The researchers believe that to accurately complete an MCA, each criterion must be assessed 
against a baseline. As the MCA score for quantitative criteria was calculated by comparing each 
option with the best and worst options, it could potentially represent the difference between the 
highest and the lowest scores inaccurately. In this strategy when comparing options on quantitative 
criteria the best and worst options would receive the same rating, 1 and 0, regardless of their 
comparison with a best practice or other benchmarks. Baselines were used in this strategy for the 
subjective criteria. 
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6. Options should not be excluded because they are not considered “integrated”  
The researchers believe that the overarching goal of IUWM planning is to achieve best overall 
community outcomes. Depending on the context in some cases this will be achieved through 
innovative water servicing arrangements and in others by traditional servicing arrangements. In this 
strategy, the highest scoring option in detailed MCA was the base case. The project team determined 
that, as the base case saved no drinking water, a mix of the base case and the next highest option 
would be recommended. While the weightings of an MCA will never perfectly reflect how social, 
environmental, and financial impacts compare with one another, they should be as close as possible. 
If an MCA is designed correctly and shows that a base case (traditional) option is best, then this 
option should represent the highest community benefits, and should therefore form part of the 
strategic recommendations. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasingly integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysis and comparison 
of the differing approaches that have been used, and creation of guidelines to assist future planning 
efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IUWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification and 
shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine 
the preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors to be used to categorise 
each strategy.  
 
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types outcomes has the strategy 
attempted to achieve from the hierarchy of 
outcomes 
Objective setting → Target 
setting → Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-organisational or 
intra-organisational 
Water services 
included 
Which water services were considered by 
the strategy (i.e. sewer, drainage, etc.) 
Names of considered services 
Geographical size 
The geographical area inside the scope of 
the strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
Footscray has traditionally been a very industrial suburb, located in the inner-west of Melbourne. In 
recent years, the Victorian State government and the local council have undertaken the Footscray 
Renewal Initiative which supports Footscray’s renewal into a more residential and commercial 
focused, gentrified suburb to become the capital of Western Melbourne. In the heart of Footscray is 
the Footscray Activities Area (FAA) which includes the retail core, the train station, and a University. 
The strategic plan for the FAA was facilitated by the Department of Planning and Community 
Development (DPCD) with inputs from key stakeholders including City West Water (CWW). 
This strategy is an investigation undertaken by CWW to inform the strategic planning process about 
the most appropriate integrated water servicing option available for the area. An integrated water 
infrastructure option was thought to be able to assist with the area’s overall sustainability and 
community outcomes. While this strategy can still be considered integrated as it considers impacts to 
waterways, it did not consider drainage options, as this is outside CWW’s scope of responsibility. 
 
Figure 2 - Map of the Footscray Activities Area 
 
Scope descriptors 
Width 
Water supply, sewerage, and alternative water services have been considered by this strategy, 
however drainage is outside of CWW’s scope of responsibility. The strategy covers approximately 3 
km
2
 and impacts approximately 13,000 people. 
Depth 
This strategy goes into high levels of detail with extensive mapping and modelling completed across 
the area for each of the shortlisted options. The strategy then analysed a preferred option 
recommended. Objectives for this strategy were set prior, and no formal agreements have been 
sought. This strategy was only presented to CWW internal management. 
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CONTEXT 
Background 
Following the end of the millennium drought, the state government wanted Victoria, and Melbourne in 
particular, to become a world leader in IUWM, by appreciating all available water sources. This was 
seen as a way to reduce the potential impact of future droughts as well as defer the expense of any 
new, large, and centralised water supply infrastructure. The challenges of climate change, and urban 
growth in the Melbourne region, further highlighted this as a pressing issue for the government and 
resulted in the release of the Living Melbourne, Living Victoria Roadmap. This roadmap outlined 
multiple objectives surrounding increased water reuse and decentralisation of water infrastructure. 
Alignment with the objectives of the Living Melbourne, Living Victoria Roadmap was a key objective 
for this strategy. 
As it is often not cost-effective to retrofit IUWM water infrastructure in already developed areas, City 
West Water (CWW) saw the renewal of the Footscray Activities Area (FAA) as a unique opportunity to 
implement IUWM at a lower cost than would otherwise be possible.  
 
Figure 3 – FAA IUWM Investigation drivers 
As it was only intended to determine CWW’s internal position through initial analysis and did not seek 
implementation approvals; the process involved has been largely internal, with little community and 
stakeholder engagement. 
Assets 
Footscray is a highly developed area with reticulated water, sewer and drainage infrastructure already 
in the ground servicing existing customers. However, because of the FAA renewal CWW may need to 
augment the capacity of some of the existing reticulation systems. 
Specific 
Opportunity 
• FAA redevelopment and strategic plan 
• Opportunity to implement IWM 
Physical 
Drivers 
• Urban Growth 
• Millennium drought 
• Climate Change 
Push for 
IUWM 
• Melbourne to become an IUWM leader 
• Reduce impact of future drought 
• Living Melbourne, Living Victoria Roadmap 
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Bounding the FAA on the North and East is the Maribyrnong River which flows towards the Melbourne 
CBD before discharging into Port Phillip Bay. Because of this, protection of the Maribyrnong and 
waterway health was considered by the strategy. 
 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
In terms of oversight and reporting this strategy operated as a standard project, with standard project 
management procedures, and reporting and oversight structures in place. As this was an internal 
strategy the project team was made up entirely of CWW staff with support provided from consultants.  
 
Figure 4 – Project team functioning and oversight 
Risk management 
The first stage of option shortlisting was a process of SWOT analysis (strengths, weaknesses, 
opportunities, and threats) completed during a high level workshop with internal stakeholders from 
multiple teams within CWW facilitated by the project team. During the SWOT analysis any high risk 
options were removed and a smaller list of options proceeded to the later assessment phases. Using 
this method, all the options that moved onto the more detailed technical analysis and assessment 
were considered by the project team to be implementable. 
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STAKEHOLDER AND COMMUNITY ENGAGEMENT 
As this was an internal strategy there was no specific community engagement undertaken. However 
City West Water conducts a yearly customer reference group meeting to ensure that they are well 
informed of the wants and needs of the community.  
Some limited stakeholder engagement was undertaken with the Department of Primary Industry 
(DEPI), which was an informed stakeholder of the process, but there was no engagement with local 
groups or the wider industry. 
 
OPTION IDENTIFICATION AND SHORTLISTING 
Option identification and shortlisting was completed by the project team with assistance from 
consultants. The project brief to the consultants stated that they should complete a high level 
assessment of options using an existing iterative tool that they had used before. They were instructed 
to come up with approximately ten options, and then narrow them down to three options plus a base 
case, before conducting a more detailed assessment.  
To identify the options the consultants facilitated a brainstorming session during a high level CWW 
workshop to identify all conceivable IUWM options, and in total 16 options were identified. Using 
SWOT analysis, conducted as part of the same workshop, this list was reduced to nine options. Using 
a high level assessment and MCA this list was then reduced to three and then using a detailed 
assessment and MCA, options were compared against a base case and the preferred option was 
selected. 
 
Figure 5 – Stages of Option shortlisting and Selection 
 
SWOT analysis – To reduce to 9 options 
The initial SWOT analysis list was created during a high level workshop using expert opinion to list 
every possible integrated option that they could think of resulting in a list of 16 potential options. 
SWOT analysis was conducted to remove options that did not align with the Living Melbourne (LM) 
Objectives and any potentially high risk options from being assessed in more detail later. It was also 
hoped that SWOT analysis would bring the total number of options for assessment down to 
approximately ten, which was achieved as the options were reduced to nine. 
SWOT analysis List 
16 Options 
Long List 
9 Options 
Short list 
3 Options 
Preferred 
Option 
 
Detailed Assessment 
2 options removed 
SWOT Analysis 
7 options removed 
High Level Assessment 
6 options removed  
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Table 5 - SWOT analysis completed on all options 
Option Strengths Weaknesses Opportunities Threats 
Assessed 
further? 
1 - Demand 
management 
Low cost 
Deliverable 
Difficult to deliver 
No alternative water use 
MAC objectives not achieved 
Use savings elsewhere 
Another major 
augmentation 
Climate change 
Change of policy 

2 - Demand 
management 
Low cost 
Deliverable 
Difficult to deliver 
No alternative water use 
MAC objectives not achieved 
Use savings elsewhere 
Another major 
augmentation 
Climate change 
Change of policy 

3 - Sewer Mining 
Maximum alternative water use 
Proven approach, not the first 
Meets LM objectives 
High cost (CAPEX & OPEX) 
Operability 
Constructability 
Corporate reputation 
Public education 
Change of policy 
Energy use & cost 
4 – Onsite Greywater  
Low cost 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Difficult to deliver 
Not usable in cooling towers 
Use savings elsewhere 
Empowers customers 
Change of policy 
5 – Local Greywater 
Low cost but needs reticulation 
system 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Difficult to deliver 
Not usable in cooling towers 
Use savings elsewhere 
Empowers customers 
Change of policy 
6 – Onsite Blackwater  Low cost 
Land & space availability 
Operability (biological treatment) 
Lack of regulations 
Energy & GHG emissions 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy 
7 - Local Blackwater 
Low cost but needs reticulation 
system 
Land & space availability 
Operability (biological treatment) 
Lack of regulations 
Energy & GHG emissions 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy 
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8 – Onsite Stormwater 
Harvesting  
Low cost 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy  
9 – Local Stormwater 
Harvesting 
Low cost but needs reticulation 
system 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy 
10 – Onsite Rainwater 
Collection  
Low cost 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy 
11 – Local Rainwater 
Collection  
Low cost but needs reticulation 
system 
Low energy & GHG emissions 
Land & space availability 
Operability 
Lack of regulations 
Lower alternative water use 
Use savings elsewhere 
Empowers customers 
Change of policy 
12 - Sewer Mining & 
Stormwater Harvesting 
(hybrid) 
Maximises alternative water use 
Complies with MAC objectives 
Room to optimise & stage 
Land & space availability 
Operability 
High CAPEX & OPEX 
Corporate reputation 
Public education 
Change of policy 
Energy use & cost 
13 - Sewer Mining & 
Rainwater Collection 
(hybrid) 
Maximises alternative water use 
Complies with MAC objectives 
Room to optimise & stage 
Land & space availability 
Operability 
High CAPEX & OPEX 
Less alternative water use 
Corporate reputation 
Empowers customers 
Public education 
Change of policy 
Energy use & cost 
14 - Stormwater 
Harvesting & Rainwater 
Collection (hybrid) 
Complies with MAC objectives 
Room to optimise & stage 
Low energy & GHG emissions 
Lower CAPEX & OPEX 
Land & space availability 
Operability 
Low alternative water use 
Corporate reputation 
Empowers customers 
Public education 
Change of policy 
15 - Sewer Mining, 
Stormwater Harvesting, 
& Rainwater Collection 
(hybrid) 
Maximises alternative water use 
Complies with MAC objectives 
Room to optimise & stage 
Land & space availability 
Operability 
High cost (CAPEX & OPEX) 
Energy & GHG emissions 
Corporate reputation 
Empowers customers 
Public education 
Change of policy 
Cost of energy 
16 - Sewer Mining, 
Greywater, Blackwater, 
Stormwater Harvesting, 
& Rainwater Collection 
(hybrid) 
Maximum alternative water use 
Complies with MAC objectives 
Room to optimise & stage 
Land & space availability 
Operability (very complex) 
High cost (CAPEX & OPEX) 
Energy & GHG emissions 
Corporate reputation 
Empowers customers 
Public education 
Change of policy 
Cost of energy 
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High-Level Assessment – Reduce to 3 options 
Following the SWOT analysis, the nine remaining options have been listed below; 
1. Sewer Mining 
2. Onsite Blackwater  
3. Local Stormwater Harvesting  
4. Onsite Rainwater Collection 
5. Local Rainwater Collection  
6. Sewer Mining & Stormwater Harvesting  
7. Sewer Mining & Rainwater Collection  
8. Stormwater Treatment & Rainwater Collection  
9. Sewer Mining, Stormwater Treatment & Rainwater Collection  
To refine this into a shortlist of three options, the project team used a high level multi criteria 
assessment based around the consultant’s previously used tool. To determine the criteria that would 
be assessed by the MCA and the weightings given to each criterion, CWW held a second high level 
internal workshop. 
Participants in the workshop came up with 5 different primary criteria: Economic, Environmental, 
Social, Technical and Water Saving, and divided them into 14 secondary criteria that would be used 
to assess each of the options. Each option was scored by the project team, with assistance from the 
consultants. The relative cost and the drinking water saved criteria were the only quantitative criterion 
used, and both were calculated using standard project estimation processes and then transfigured 
into a score from 0 – 1. All other criteria were subjectively scored from 0 – 1. 
Table 6 – MCA criteria and weighting used in the high level assessment 
Primary 
Criteria Weight Secondary criteria Weight Scoring Method 
Economic 30% Relative Cost ($/ML) 30% 
Relative ratio with the best 
scoring 1 and the worst 0 
Environmental 10% 
Receiving waters water quality 2% 
Subjective score from 0 - 
1 in 0.2 intervals 
Noise and air quality 3% 
Waste generated 5% 
Social 10% 
Health & safety of staff & public 4% 
Existing water users 4% 
Organisational capacity & 
adaptability 
2% 
Community Acceptance 2% 
Technical 25% 
Quality & efficiency of treated 
water 
5% 
Reliability 5% 
Resilience 5% 
Flexibility/Scalability 5% 
Confidence or experience 5% 
Water Saving 25% Drinking water saved (ML) 25% 
0.2: <100ML 
0.4: 100ML-300ML 
0.6: 300ML-750ML 
0.8: 750ML-1100ML 
1: 1100ML+ 
Using this process the nine options were scored and the results shown in the figure 6. 
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Figure 6 - High-Level assessment scores of each option 
 
As can be seen from figure 6, the three options that ranked the highest were; 
 Option 3 – Sewer Mining 
 Option 12 – Sewer Mining and Stormwater Harvesting 
 Option 15 – Sewer Mining, Stormwater Harvesting & Rainwater Collection 
As options 12 and 15 were quite similar, the project team decided to only assess in detail one of these 
two options and to elevate option eight (stormwater harvesting) to the shortlist. This would achieve a 
broad spectrum of options to be included in the shortlist and to be assessed in greater detail.  
The base case, which used traditional water, sewer, and drainage infrastructure, was now 
incorporated into the final short listed options analysed in detail.  
Therefore the remaining options were; 
1. Option 3 – Sewer Mining 
2. Option 9 – Stormwater Harvesting 
3. Option 12 – Sewer Mining and Stormwater Harvesting 
4. Base case 
 
TECHNICAL EVALUATION AND OPTION SELECTION 
The technical evaluation and the option selection were completed in unison for this strategy and 
therefore the sections have been merged. 
Each of the four shortlisted options underwent a detailed project planning phase. A concept design of 
each option was completed which included indicative pipe sizing, pipe and other infrastructure 
layouts, and detailed sewer, water, and stormwater modelling to ensure that each option was  
0
0.1
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0.4
0.5
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1
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High level 
assessment score 
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technically feasible, The concept designs also included cost and water supply and demand 
estimations. 
From these designs each option was then assessed with a more thorough MCA, using the same 
primary criteria as before, but with changed secondary criteria to include more quantitative measures. 
These criteria were set by the consultant’s existing tool. 
All quantitative measures were given a score from zero to one, with the best of the four options 
receiving a score of one, the worst receiving zero, and the other option scores interpolated to receive 
a proportional score between 0 and 1.For all other criteria, an internal workshop was used to 
subjectively score each option from zero to one, for each subjective criterion the base case was given 
a score of 0.5 and each other option was given a score relative to the base case. 
The researchers note that a maximum figure of 5000 ML has been used to calculate the MCA score 
for the water saving criterion. This figure was selected in order to compare water saving benefits with 
another CWW project. However, as this figure is higher than any of the options assessed the 
researchers believe this figure to not be fully justified. 
All of the criteria and weightings are shown in table 7 below. 
 
Table 7 – Criteria weightings used in the final MCA 
Primary Criteria Weight Secondary Criteria Weight Evaluation Process 
Economic 30% Annualised Cost 30% Quantitative 
Environmental 10% 
Land use (footprint) 2% 
Quantitative 
Greenhouse gas emissions 2% 
Noise and air quality 2% 
Subjective 
Waste generated 2% 
Water quality in receiving 
waters 
2% 
Social 10% 
Health and safety 4% 
Benefits to local community 4% 
Acceptance by the 
community 
2% 
Technical 25% 
Quality of treated water & 
water use efficiency 
5% 
Reliability of the equipment 2.5% 
Reliability of supply 2.5% 
Resilience of the 
equipment 
5% 
Flexibility/Scalability 5% 
Organisational capability 5% 
Water Saving 25% Drinking water saved 25% Quantitative 
The weighted scores were then calculated and shown table 8 and figure 7. 
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Table 8 - MCA scores of each of the shortlisted options 
Primary Criteria Base Case Option 3 Option 9 Option 12 
Economic 0.24 0.172 0 0.136 
Environmental 0.07 0.025 0.055 0.025 
Social 0.05 0.065 0.065 0.065 
Technical 0.125 0.094 0.066 0.081 
Water Saving 0 0.056 0.016 0.056 
Total score 0.485 0.412 0.202 0.363 
Rank 1 2 4 3 
  
Figure 7 – MCA scores of each of the shortlisted options 
Following the multi criteria assessment the base case was calculated to have the highest score, 
however CWW recognised that it was difficult to fully realise all of the social and environmental 
benefits of integrated water infrastructure. As the base case would not save any drinking water, it was 
decided that a mix of the base case and Option 3 – Sewer Mining would be the recommended option.  
The researchers have noted if the economic score is removed from the analysis, the base case is still 
the highest scoring option, if only by a small margin as shown in table 9. 
 
Table 9 - MCA scores of each of the shortlisted options without the Economic criteria 
Primary Criteria Base Case Option 3 Option 9 Option 12 
Economic - - - - 
Environmental 0.07 0.025 0.055 0.025 
Social 0.05 0.065 0.065 0.065 
Technical 0.125 0.094 0.066 0.081 
Water Saving 0 0.056 0.016 0.056 
Total score 
(without economic) 
0.245 0.24 0.202 0.227 
Rank 1 2 4 3 
0
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0.4
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0.6
Base Case 3 9 12
Options 
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GOVERNANCE, REGULATION AND FINANCING 
Very few governance, regulation and financing actions were completed during this strategy and 
therefore the Governance and regulation, and Financing sections have been merged. 
As this was an internal strategy, the planning work completed was paid for entirely by City West 
Water. 
This strategy never reached implementation, or a phase that required CWW to consider the impacts 
to other stakeholders. For these reasons governance, regulation, and financing issues were not 
considered during this strategy and were earmarked for consideration during an implementation plan. 
OUTCOMES 
Since the completion of the strategy there has been a shift in priorities as the state government, 
moved from a focus on the FAA towards developing a broader IUWM strategy for Central Melbourne, 
covering all inner suburbs including Footscray. As a result, it has never been implemented or moved 
forward since completion and there has been little emphasis placed upon it. If development in the 
Footscray area were to go ahead in the near future, this strategy would be revisited and much of the 
initial and project planning work would be re-used to inform a future Footscray IUWM strategy. 
 
FINDINGS 
1. IUWM planning takes a long time so it is good to start early 
It could be argued that as this strategy was never implemented it was a waste of resources, however 
the researchers do not believe this to be the case. In many of the project case studies created during 
this research program there is evidence of rushed planning caused by an immediate need for extra 
water. Often these projects were not informed by previous planning strategies and the resulting 
rushed planning achieved sub-optimal outcomes and decisions that were not properly justified. The 
researchers believe that completing initial planning, prior to the need for extra water, would result in 
better informed and more justified decisions, and therefore more optimal planning outcomes. 
2. Highly technical strategies need high levels of oversight in order to ensure accuracy and 
transparency 
This strategy is highly technical with a strong focus on calculated results informing decision making. 
The researchers have noted some not fully justified assumptions in this case study. As with any 
strategy it is important to clearly define and document all assumptions and undertake comprehensive 
auditing to ensure transparency and accuracy, this is especially important for highly technical 
strategies such as this.  
3. Multiple levels of shortlisting allow for more options to be included initially 
In this strategy planners used three stages of assessment to determine the preferred option. As part 
of each assessment the list of options was refined and less-optimal options removed. This process 
has allowed for 16 options to be considered in the initial stages of the strategy, the second highest of 
any strategy (considered as part of this research) which does not investigate multiple sub-regions. 
4. Primary criteria of an MCA should be the same through assessment phases 
A two-tiered multi-criteria assessment has been used as part of the final two assessment stages in 
this strategy, with both stages using the same primary criteria with the same weighting. The 
researchers believe this is the preferable method as the MCA can largely remain the same, with more 
detail added in for later stages through the secondary criteria. It is conceivable that if planners use 
different primary criteria weighting at different stages, an option which would be the preferred option 
as assessed by the final assessment could be eliminated at an earlier stage. 
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5. Using a common baseline for comparing options is beneficial 
The researchers believe that in order to accurately complete an MCA, each criterion must be 
assessed against a baseline. As the MCA score for quantitative criteria was calculated by comparing 
each option with the best and worst options, it could potentially represent the difference between the 
highest and the lowest scores inaccurately. In this strategy, when comparing options on quantitative 
criteria, the best and worst options would receive the same rating, 1 and 0, regardless of their 
comparison with a best practice or other benchmarks. Baselines were used in this strategy for the 
subjective criteria. 
6. Options should not be excluded because they are not considered “integrated”  
The researchers believe that the overarching goal of IUWM planning is to achieve best overall 
community outcomes. Depending on the context, in some cases this will be achieved through 
innovative water servicing arrangements and in others by traditional servicing arrangements. In this 
strategy, the highest scoring option in detailed MCA was the base case. The project team determined 
that, as the base case saved no drinking water, a mix of the base case and the next highest option 
would be recommended. While the weightings of an MCA will never perfectly reflect how social, 
environmental, and financial impacts compare with one another, they should be as close as possible. 
If an MCA is designed correctly and shows that a base case (traditional) option is best, then this 
option should represent the highest community benefits, and should therefore form part of the 
strategic recommendations. 
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Appendix A5 – SA Water’s Long Term Plan for Eyre 
Region 
 
Lead organisation SA Water 
Location Eyre Region, South Australia 
Brief description 
Water security strategy for the Eyre 
Peninsula region of South Australia 
Technical Detail Low – Med Detail (4/10) 
Outcomes Analyse – Recommends options 
Approvers Intra-organisational 
Water services included One (Water) 
Geographical size 170,000 km2 
Population impacted 58,000 people 
Interesting aspects of 
this case study 
Community and stakeholder 
engagement, Option selection 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
The Eyre region is a large area of South Australia, North West of Adelaide. The Peninsula sits 
between the Spencer Gulf to the east and the Great Australian Bight to the west. In 2007 the SA state 
government held the Eyre Region Water Summit, to address water scarcity in the region. The summit 
determined a region-wide strategy would be required, and the resulting strategy is the topic of this 
case study. The summit set the key objectives of water security and community engagement to be the 
drivers of this strategy. These drivers, and also the context, are very similar to the strategy featured in 
Appendix A7 – Water Forever South West, resulting in many similarities between these case studies. 
The most interesting aspects of this case study are the community and stakeholder engagement, and 
the option selection processes. The engagement planning undertaken in this strategy was 
comprehensive and produced very good results. The option selection process used a multi criteria 
assessment, to determine the recommendation that desalination and a transfer pipeline from the 
Murray River should be constructed as part of the region’s future water infrastructure. 
Overall, while this strategy was approved and accepted by Minster for Water and SA Water, none of 
the infrastructure options recommended have been implemented. With the breaking of the millennium 
drought soon after the finalisation of the strategy, water supply and demand forecasts altered 
dramatically and no new infrastructure was required. This strategy is currently being reviewed on a 
regular basis and will be used to inform any future water strategies in the region. 
FINDINGS 
1. IUWM planning takes a long time, so it is good to start early 
It could be argued that as this strategy was never implemented that it was a waste of resources, 
however the researchers do not believe this to be the case. In many of the project case studies 
created during this research program there is evidence of rushed planning caused by an immediate 
need for extra water. Often these projects were not informed by previous planning strategies and the 
resulting rushed planning achieved sub-optimal outcomes and decisions that were not properly 
justified. The researchers believe that completing initial planning, prior to the need for extra water, 
would result in better informed and more justified decisions, and therefore more optimal planning 
outcomes. 
2. Dividing a Multi-Criteria Assessment (MCA) score by water yield makes it possible to fairly 
compare options of different scales 
The MCA used in this strategy divides the MCA score by water yield to give the final option 
assessment scores. In most MCAs water yield is normally considered as another weighted input into 
the MCA, which can result in over or under recognition of other impacts. In many examples financial 
impacts are the most important factor when assessing options in an MCA, however in this strategy 
water yield was the main driver and most important factor. In any option selection tool, such as an 
MCA, both the benefits and the negative impacts need to be identified and calculated. It is difficult to 
assess these impacts in relation to water yield, so an MCA score per water yield is very appropriate. 
This finding is similar to the finding in Appendix A9, when an MCA score was divided by cost. Further 
explanation can be found in Appendix A9. 
3. MCA weightings should directly reflect the objectives of water strategies 
Community acceptance and engagement was highlighted as a key area of importance during the Eyre 
Region Water Summit. The researchers believe that SA Water should be commended on the very 
thorough and well planned community engagement throughout the majority of the strategy, findings 
six and seven highlight this point. However, the MCA gave community acceptance a total weighting of 
1%, which the researchers believe to be an underrepresentation of its importance. In the MCA scores 
the Iron Knob – Kimba stage 2 pipeline received a 4/5 for community acceptance (higher numbers 
mean less acceptable) which indicates that the community did not accept this solution. However, 
because community acceptance received a relatively low rating, it did not greatly impact the final 
assessment scores and this option became part of the final recommendations. The researchers 
believe that future MCA weightings should be strongly focused on reflecting the goals, values, or 
objectives of a strategy. 
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SA Water noted that the preferred solutions impact the state wide pricing as all customers pay the 
same for water in South Australia. This puts a lot of emphasis on economic efficiency and weighing 
the criteria against the broader needs of the state population. To be able to show social and economic 
responsibility, the options cannot be assessed without considering state wide impacts. 
4. MCA scores for different options should be nominated using consistent and reasonable 
qualitative assessments  
Of the six projects assessed as part of this strategy, the Tod River rehabilitation stands out not just as 
the only project with a strong environmental rehabilitation focus, but also a more difficult governance 
situation as SA Water is not the main authority. However, as part of the MCA scoring, the Tod River 
scored 2/5 for both impact on aquatic ecosystem and impact on terrestrial ecosystem, while the Iron 
Knob – Kimba stage 2 pipeline scored 1/5 and 2/5 for these criteria respectively. The rationale behind 
Iron Knob – Kimba stage 2 pipeline scoring was that it would have very little, or no, negative impact 
on the ecosystem. The rationale behind the Tod River scoring was that while the project would 
improve a damaged ecosystem, this ecosystem would still be under significant stress; therefore it 
should not score a 1/5 for either criteria. These two different rationales have resulted in one option 
that had a net positive impact to the ecosystem being scored lower than an option which had a net 
negligible impact. It should be noted that in this case there was no impact to the final 
recommendations as the Tod River option scored poorly in other criteria as well. The researchers 
believe that in future, similar and consistent rationales should be used across all options. 
5. Using a common baseline for comparing options is beneficial 
The researchers believe that in order to accurately complete an MCA, each criterion must be 
assessed against a common baseline. The MCA score was calculated by comparing each option with 
the best and worst options and not a common best practice benchmark. This could potentially 
represent the difference between the highest and the lowest scores inaccurately in relation to best 
practice. This method makes it difficult for comparison with a best practice or other benchmarks such 
as business as usual or current situation. The researchers believe that this resulted in a less 
transparent MCA and recommend future MCA to use common baselines. 
6. Community engagement should include targeted engagement on specific key issues 
The engagement with the community completed during this strategy could have been targeted more 
effectively when considering infrastructure options. SA Water noted that if more targeted questioning 
were used in the community forums it may have resulted in a greater understanding of the 
community’s wants, needs, and expectations. Therefore an argument can be made that targeted; 
smaller consultation sessions with community later in the planning phase would be more effective 
than engagement sessions which are broader, as used in this strategy. 
7. Carefully considered planning of community and stakeholder engagement is essential 
The researchers believe that the planning completed by SA Water for their community and 
stakeholder engagement is one of the most comprehensive of all the case studies investigated. SA 
Water did note however that the engagement was quite resource intensive. One key part of their 
engagement plan was to identify five clear phases, during which different stakeholders or members of 
the community were consulted with in varying ways. In line with the objective of transparent 
engagement, SA Water also recorded results from all engagement sessions and circulated the 
amendments or responses to the concerned parties. The researchers believe this is an excellent 
example of the full cycle of engagement achieved by thorough planning and may be relevant in future 
strategies.  
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a range of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water 
Recycled Water Strategy (2008 – 
2013) 
Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring to determine the preferred option 
and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors to be used to categorise 
each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types of outcomes has the strategy 
attempted to achieve from the hierarchy of 
outcomes 
Objective setting → 
Assessing options → 
Recommending option → 
Approving option 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-organisational 
or intra-organisational 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km
2
 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
The Eyre region is a large area of South Australia, North West of Adelaide. The Peninsula sits 
between the Spencer Gulf to the east and the Great Australian Bight to the west. The region’s main 
industry is farming, but there is also a substantial amount of mining in the region. 
SA Water is the main water utility in South Australia. The Eyre Peninsula Natural Resources 
Management Board is both the water manager and regulator in terms of water planning in the region, 
under direction from the water minister. Throughout the Eyre Region there are several water supply 
and sewerage schemes operated by local councils, however these schemes were considered outside 
the scope of the strategy. Completed in 2008 this strategy created a future direction for how SA Water 
will continue to supply the region with water, but does not investigate sewerage, drainage, or 
waterways aspects of the water cycle. The strategy provides an interesting look into how strategic 
water planning is completed in a jurisdiction outside of Victoria. It has therefore been included in the 
research program, even though it does not meet the criteria of an “Integrated” water strategy. 
 
Figure 2 - Eyre Region Location Map 
Scope descriptors 
Width 
Water services are the only problem that this strategy addresses. The Eyre Peninsula is 
approximately 170,000 km
2
 and is home to 58,000 residents. 
Depth 
This strategy goes into low to medium levels of detail with some project planning completed for each 
identified option. This strategy had objectives set prior to its commencement, during the water summit. 
The strategy analyses and recommends options to go forward with, without setting an implementation 
deadline, and is therefore considered an “analyse” to “recommend options” strategy. This strategy has 
only been approved internally and is therefore classed as an internal strategy. 
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CONTEXT 
Background 
The Eyre Region in South Australia is a rural area which is predominantly very dry and cannot rely on 
rainwater for water supply. As such, 70% of the region’s water supplies come from several aquifer 
basins in the area with the remaining 30% coming from the Murray River to the East.  
Climate change and reduced rainfall during the drought affected the basins in two ways. Firstly the 
reduced rainfall lowered the level of recharge and therefore the volume of water in the aquifer, and 
secondly by increasing reliance on the aquifer. When this strategy was created there was also an 
expected increase in demand caused by growth, largely from industry. This adds to the stress placed 
on current water supply assets and infrastructure, particularly the aquifers.  
In 2003 SA Water commissioned a Water Supply Master Plan to be completed for the Eyre Region 
which recommended the construction of the Iron Knob - Kimba pipeline stage 1 and water efficiency 
measures. In 2007 the South Australian Government held the Eyre Peninsula Water Summit, which 
concluded that a new water supply security plan should be developed for the region with a 25 year 
outlook and a particular focus on community and stakeholder engagement. SA Water’s Long Term 
Plan for Eyre Region is this strategy. 
 
Figure 3 - Drivers for SA Water’s Long Term Plan for Eyre Region 
Assets 
In the opinion of the researchers one of the key assets in the Eyre Region is that the majority of the 
larger towns are connected into the same water supply network. This network excludes the towns of 
Venus Bay, Port Kenny and Coffin Bay. SA Water was now able to assess most of the region as one 
supply network with the other towns being assessed separately. Other assets in the region are the 
previously mentioned aquifers and the Murray River. The Murray, one of the largest rivers in Australia, 
Supply 
Changes 
• Climate change predicted to reduce rainfall, increase evaporation, 
and reduce water availability 
• Decreased aquifier level causing greater salinity in the minor 
water lenses 
Increased 
Demands 
• Higher water demands due to growth in industry 
Water summit 
& 2003 plan 
• 2003 Water Supply Master Plan 
• 2007 Eyre Region Water Summit agreed to complete this strategy 
• Major finding was to increase community awareness and 
confidence in SA Water through tranparency 
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is the source for the Iron Knob - Kimba pipeline stage 1, which diverts water into the region. The 
region is also coastal, allowing for the opportunity for multiple desalination plants. 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
As mentioned earlier, the 2007 water summit concluded that community and stakeholder engagement 
should be a major focus of this strategy. This conclusion has had major impacts to the oversight of the 
SA Water Project Team. As is shown in figure 4, the project team was overseen by both a technical 
working group and a water security reference group made up of internal and external stakeholders, as 
well as the South Australian Minister for Water Security.  
The SA Water Project Team features members from many of the technical teams in SA Water. 
Overall oversight for this strategy was given by the Minister for Water Security, which shows that the 
state government considered this strategy as a high priority. 
 
Figure 4 - Project team function and oversight 
The Water Security Reference Group and the Technical Working Group are discussed further in the 
Stakeholder and Community Engagement section. 
Risk management 
Each of the potential infrastructure options have had their benefits and risks identified and assessed 
by the project team. However, the majority of the risks considered by the strategy are not risks in the 
traditional sense of assessing consequence and likelihood. They are almost guaranteed negative 
impacts that would be expected if the project were to be implemented. These impacts must obviously 
be considered in the assessment phase. It is the researcher’s opinion that this would be better named 
“negative impacts for consideration” or something of that nature. 
Risks such as supply security of different options and community uptake risks have not been 
considered to any great extent as part of the multi-criteria assessment (10% and 1% respectively). 
The researchers believe this could be a potential oversight as the key objectives of the strategy were 
supply security and community engagement. 
 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
The stakeholder and community engagement completed during the creation of this strategy was 
undertaken in five stages described in table 5. 
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Table 5 - Phases of stakeholder and community engagement 
Phase Key tasks Results 
Phase 1 – 
Research and 
Communication 
 Research into key stakeholders 
 Preparation of facts sheets to be 
used as a community engagement 
tool 
 Key stakeholders identified 
Phase 2 – 
Committee 
Structures and 
Support 
 Meet with Eyre Peninsula councils 
and other key stakeholders to 
discuss the community 
engagement strategy 
 Establish the Eyre Peninsula Water 
Security Reference Group and the 
Technical Working Group 
 See 1.6.1 and 1.6.2 
 Five TWG meetings during the 
creation of the strategy 
 Six EPWSRG meetings during 
the creation of the strategy 
 Ongoing EPWSRG meetings 
after strategy finalisation 
Phase 3 – 
Community 
Information 
Sessions 
 Hold information sessions in all 
major townships 
 Invite all residents to information 
sessions 
 15,000 customers invited to 
attend via mail 
 19 sessions held in total with 
200 attendees (120 apologies) 
Phase 4 – 
Community 
Forums 
 Hold community forums for those 
members of the community that 
want greater input into the strategy 
development 
 Held at two points during the 
strategy  
 78 registrations 
 Attendees assigned, according 
to location, to one of five forums 
 Each forum met twice, once 
during the early planning and 
once to comment on the draft 
plan 
Phase 5 – Draft 
Long Term Plan 
Review and 
Comment 
 Draft and release strategy for public 
comment 
 Prepare summary brochure to go 
with strategy 
 Nine submissions received 
The researchers believe that this multi-method engagement process was very appropriate. It enables 
contribution from multiple stakeholders with differing levels of understanding and desire to contribute 
at multiple stages in the strategy. 
Throughout each of these phases the comments and feedback from the stakeholders and community 
were thoroughly recorded along with how the project team would incorporate each piece of feedback 
into the planning process. This was done to ensure that stakeholders knew how their concerns were 
being addressed, to remove any possibility that the engagement might be considered disingenuous. 
Stakeholder engagement 
The first process of stakeholder engagement completed by this strategy was to engage with the 
councils in the area to discuss high level objectives and desired outcomes. These discussions were 
held at a very high level and achieved a strong consensus on the key objectives as well as in-principle 
support for the proposed process of community engagement. 
The remaining stakeholder engagement was largely completed through discussion with the two 
stakeholder groups, the Eyre Peninsula Water Security Reference Group (EPWSRG) and the 
Technical Working Group (TWG). Each of these groups was made up of different members and 
contributed in different ways to the strategy. 
Eyre Peninsula Water Security Reference Group (EPWSRG) 
The EPWSRG comprised SA Water, all of the Eyre Peninsula Councils, and various government 
departments and advisory groups. This group provided strategic oversight of the strategy to ensure 
that the visions of each of the councils were being properly reflected. 
In total there were six meetings of the EPWSRG, held at two month intervals during the creation of the 
strategy. Following the finalisation of the strategy the group has continued to meet every three to six 
Lachlan Guthrie – PhD Thesis 262
IMPROVING PLANNING PROCESSES FOR IUWM INFRASTRUCTURE 
Water Research Australia Ltd – PhD Project 4504  11 
 
months, monitoring the water situation in the region and continuing the dialogues and relationships. 
The researchers believe that the creation of this ongoing group is of great value to the future 
integration of stakeholders in the region and should not be undervalued as an outcome of this 
strategy. 
Technical Working Group (TWG) 
The TWG comprised technically focused members from different teams in SA Water, the Eyre 
Peninsula Natural Resources Management Board (EPNRMB), and Department for Water, and Land 
and Biodiversity Conservation (DWLBC). This group provided technical expertise and guidance to the 
project team at multiple stages of the process. 
In total there were five meetings of the TWG, held at two month intervals during the creation of the 
strategy. While it was not required, both the EPNRMB and the DWLBC endorsed the final strategy. 
SA Water noted that this sharing of technical expertise worked especially well. The coming together of 
three expert organisations resulted in strong technical solutions recommended by this strategy. 
Community engagement 
The two main methods that SA Water used to engage with the community were the Community 
Information Sessions and the Community Forums. Both of these were rather broad without specific 
targeted questions needing to be addressed as the entire community was engaged with during both 
phases. SA Water tailored the information and the presentation method to the audience during these 
sessions and forums. The researchers considered this very appropriate as it considers the technical 
literacy of the attendees. 
SA Water noted that while the community engagement was very successful it was rather resource 
intensive and time consuming. In future SA Water would complete smaller more targeted forms of 
community engagement at a later phase in the strategy. SA Water noted that many of the community 
developed unrealistic expectations of what would be possible in the region. SA Water believes that 
more targeted community engagement would manage expectations better because it would not give 
the community a blank slate for ideas. 
Since this strategy was completed, SA Water has established a regular customer council meeting four 
times a year to give insight into the opinions of their customers. 
OPTION IDENTIFICATION AND SHORTLISTING 
The options that were assessed as part of this strategy were specific infrastructure projects. 
Options for this strategy were first identified through an expert-led brainstorming process which 
identified a very long list of potential options. High level analysis, which investigated the water yield, 
capital cost, and potential uptake of these options, was completed to shortlist the options down to six 
for detailed analysis. 
The final six options that were shortlisted for further technical evaluation and assessment are shown 
in table 6. 
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Table 6 - Final six options that were shortlisted for further technical evaluation and 
assessment 
Option Description 
Desalination plant on 
the lower west coast 
For the purposes of the strategy it was assumed that a desalination plant 
could be located at Cathedral Rocks, however further investigations would 
be required into the most appropriate location if this option is to be 
pursued. 
This option allows for approximately 2,200 ML/year 
Desalination plant on 
the north west coast  
For the purposes of the strategy it was assumed that a North West 
desalination plant could be located at Ceduna or on the coast near 
Penong, however further investigations would be required into the most 
appropriate location if this option is to be pursued. 
This option allows for approximately 1,800 ML/year 
Rehabilitation of the 
Tod Reservoir 
Tod Reservoir, located in the Toolillie Gully catchment of the Tod River, is 
the only major surface water storage on Eyre Peninsula. Water quality in 
Tod Reservoir has been deteriorating, with salinity exceeding 4,000 mg/L 
and water has not been extracted for potable use since early 2002. 
This option is a program of catchment rehabilitation to improve the health 
of the Tod Reservoir and as a consequence improve the quality of its 
inflows. A volume of 1,000 ML/year was assumed for this option. 
Stage 2 of the Iron 
Knob to Kimba 
pipeline 
Stage 1 of the Iron Knob – Kimba pipeline was commissioned in June 
2007. This scheme supplements water supplies on Eyre Peninsula from 
the Murray River using spare capacity in the Morgan‐Whyalla pipeline. 
Stage 1 of the scheme provides Eyre Peninsula with an additional 1,400 
ML/year. Stage 2 of the scheme was designed to provide an additional 900 
ML/year and was anticipated to be undertaken within 5 years. 
New trunk main from 
Whyalla to Cowell 
This option uses excess capacity in the Morgan‐Whyalla scheme at 
Whyalla to augment the supply on Eyre Peninsula via the east coast. It 
would involve the construction of a new pipeline connecting Whyalla to the 
existing water distribution system at Cowell, a distance of approximately 
120 km. It would also include several booster pump stations and 
augmentation to the existing East Coast Main. 
This option provides a volume of approximately 1,700 ML/year. 
Additional ground 
water resources 
The Eyre Peninsula Water Supply Master Plan undertook a significant 
literature review on the available groundwater resources on Eyre 
Peninsula. The report concluded that the most viable source (in terms of 
quality and quantity) of possible future groundwater for public water supply 
was in the Musgrave area. 
A volume of 1,600 ML/year was assumed for this option. 
The alternative water technologies of stormwater harvesting, recycled water, and rainwater tanks 
were included in the strategy, but were removed during the shortlisting phase and not considered in 
much depth. SA Water has noted that there are serious concerns about the reliability of stormwater 
harvesting, stating that there are more than 200 abandoned stormwater harvesting schemes in the 
region. While many of these abandoned stormwater harvesting schemes were not managed by SA 
Water, it provides a clear justification to why SA Water places a high value on implementing 
uncomplicated systems. SA Water only manages one sewerage treatment plant in Eyre Peninsula 
and therefore without control of the recycled water supply, recycled water options were also 
considered unreliable. It should be noted that there are already several community led and managed 
water recycling schemes in South Australia. SA Water also noted that 97% of households in the 
region already have rainwater tanks installed and the community engagement showed little interest in 
a rebate scheme. For these reasons, alternative water was not considered in any great detail as part 
of this strategy. 
Demand management as recommended by the 2003 water supply strategy had already been 
implemented throughout the region. SA Water believed that no further water savings could be 
achieved through demand management. The removal of water restrictions in place of permanent 
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residential water saving rules was also an objective of this strategy. For these reason demand 
management was not considered in the shortlist of options. 
TECHNICAL EVALUATION 
The technical evaluation completed for the strategy was relatively simple, but detailed project plans to 
find water yields and net present cost for each of the options identified. Impacts that needed to be 
considered in the MCA were also identified for each project. 
One major input into the strategy was a region-wide water balance prepared by SA Water, showing 
the supply – demand gap expected over the next 25 years. This model used climate and growth 
modelling to predict high and low impact scenarios over the next 25 years to rainfall and water 
supplies and demands. By understanding the supply – demand deficit, SA Water now had a target for 
the total water yield that would be required from the projects assessed by this strategy. 
OPTION SELECTION 
The Option selection process used an MCA to assess which options the strategy should recommend 
for implementation. Each option was rated on several criteria which have been weighted. The 
weighted scores are then summated and the preferred option selected. 
The MCA process was informed by many previously completed similar option selection processes 
used by SA Water, the South Australian government, and other water authorities throughout Australia. 
Using the iterative process shown in figure 5 the criteria, weightings, and scores were decided. 
 
Figure 5 – Process for determining the MCA process 
Criteria and weighting 
This strategy uses four primary criteria all weighted equally at 25% and each have multiple sub-
criteria; Social, Environmental, Financial, and Technology/Functionality. Some of the sub-criteria were 
rated according to expert opinion and others were quantitatively assessed. Common practice is to 
weight each criterion against one another which results in fair but unequal weighting. The researchers 
believe that this equal breakdown was not fully justified and not in line with common practice. 
Table 7 shows all the criteria, their assigned weightings, and the method of calculation used. 
Determine initial 
criteria 
(Project Team) 
Determine initial 
weightings 
(Technical Group) 
Confirm criteria 
(Technical Group) 
Rank criteria in 
order of importance 
(Reference Group) 
Assign weightings 
(Project Team) 
Confirm weightings 
(Technical Group) 
Assess options 
against criteria and 
calculate weighted 
score 
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Table 7 – Criteria used in MCA 
Criteria Calculation Method 
Sub-
Weight 
Total 
Weight 
Social 25% 
Potential for public health issues to arise Qualitative 31% 8% 
Amenity value of infrastructure Qualitative 10% 3% 
Improves hardness Quantitative improvement to 
water quality and number of 
customers affected 
18% 5% 
Aesthetic value 16% 4% 
Community acceptability of option 
Qualitative, reflecting 
community engagement 
outcomes 
5% 1% 
Equitably provide water for all aspects of 
community 
Quantitative, number of 
customers that would benefit 
20% 5% 
Environment 25% 
Greenhouse gas emissions from 
construction 
Quantitative, construction 
emissions 
10% 3% 
Greenhouse gas emissions from 
operation 
Quantitative, operation 
emissions 
30% 8% 
Impact on aquatic ecosystem 
Qualitative, from experts 
previous experience 
35% 9% 
Impact on terrestrial ecosystem 25% 6% 
Economic/Financial 25% 
Total cost to 
consumer/utility/government Quantitative, high level 
project planning 
50% 13% 
Total cost per ML 50% 13% 
Technology/Functionality 25% 
System complexity 
Qualitative, from experts 
previous experience 
20% 5% 
Reliability of supply/technology 40% 10% 
Operability 30% 8% 
Regulatory impacts 10% 3% 
The researchers would like to note points about two of the calculation methods; 
 It was assumed potential for public health issues to arise would generally be managed via SA 
Water’s Water Quality framework. Tod Reservoir rehabilitation was scored higher on these 
criteria to reflect the potential for water quality incidents in the catchment. 
 Details of Economic and Financial information have been excluded from this case study as 
they are commercial in confidence. The scores are based on cost estimates prepared by SA 
Water and checked by external consultants using industry standard methodology. 
SA Water also noted that there had been several examples of new technology resulting in 
unexpectedly high maintenance costs, which often led to the project not working as intended. For this 
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reason, system complexity and operability were given what the researchers believe to be relatively 
high weightings. 
While community concerns were considered at all stages throughout the strategy, the researchers 
note that community acceptance was given a 1% weighting towards the final option assessment. The 
researchers believe this to be relatively small considering that community acceptance was a high 
priority objective of this strategy. SA Water noted that the preferred solutions impact the state wide 
pricing as all customers pay the same for water in South Australia. This puts a lot of emphasis on 
economic efficiency and weighing the criteria against the broader needs of the state population. To be 
able to show social and economic responsibility the options cannot be assessed without considering 
the statewide impacts. 
Criteria Scores 
Each option was derived from rating 1 – 5 for each sub-criterion, with 1 being the most optimal and 5 
being the least optimal. These scores were baselined against the best and worst options for each 
sub-criterion. In accordance with figure 5 all the scores were initially put forward by the project team 
and then approved by the technical group. Table 8 shows all of the sub-criteria ratings. 
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Table 8 – Unweighted criteria scores (1 most optimal to 5 least optimal) 
Criteria 
NW 
Desal 
Lower 
Desal 
Tod 
rehab 
IK-K 
stage 2 
Whyall-
Cowell 
Add 
G/W 
Social 
Potential for public health issues to arise 1 1 3 1 1 1 
Amenity value of infrastructure 3 3 1 2 2 2 
Improves hardness 2 2 4 3 3 4 
Aesthetic value 1 1 4 3 3 4 
Community acceptability of option 1 1 3 4 4 5 
Equitably provide water for all aspects of 
community 
3 1 2 4 3 4 
Environment 
Greenhouse gas emissions from 
construction 
2 2 2 2 5 3 
Greenhouse gas emissions from 
operation 
5 5 1 1 3 3 
Impact on aquatic ecosystem 5 4 2 1 1 2 
Impact on terrestrial ecosystem 2 3 2 2 4 3 
Economic/Financial 
Total cost to consumer/utility/government 3 3 5 1 5 3 
Total cost per ML 3 2 5 1 5 3 
Technology/Functionality 
System complexity 5 3 3 4 3 2 
Reliability of supply/technology 2 2 5 1 2 1 
Operability 4 2 5 3 2 2 
Regulatory impacts 3 3 3 2 2 1 
The Tod River catchment was already in poor condition due to upstream pollution sources. SA Water 
had relatively little control over these pollution sources and therefore the option received relatively 
poor scores for environmental improvements. 
Calculated score 
Following the weighting of the scores to calculate the total MCA scores, SA Water then divided the 
total MCA score by the GL of water yielded by the project, all of these results are shown below. 
SA Water noted that the water yield strongly considered supply reliability, the highest priority 
objectives of the strategy. The researchers feel that this is a very appropriate method of incorporating 
supply reliability into the MCA. 
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Figure 6 – Total MCA scores of each of the options (lower score = more optimal) 
 
Including Total cost per ML (derived from water yield) as a criterion and dividing the total MCA score 
by the volume of water it produced double-counts the amount of water produced. This would very 
highly favour larger projects that produce great amounts of water. The researchers believe that 
dividing the total MCA score by water yield is an excellent way to assess projects across scale, but 
water yield should not also be include in the MCA criteria. 
SA Water was clear that the MCA process is not perfect and should be used as a guide. MCAs try to 
quantify a score using often-qualitative data and subjective weightings; they can never be 100% 
accurate. Therefore the strategy has recommended that both the Lower Desal and the Iron Knob – 
Kimba pipeline stage 2 go through to be implemented following a more extensive planning phase to 
be triggered by water supply need. 
SA Water noted that several sensitivity checks were completed with different weightings applied to the 
sub-criteria. The sensitivity checks did not alter the order of the options when assessed by the MCA. 
GOVERNANCE AND REGULATION 
Regulatory stakeholders were involved in this process at numerous stages as part of the Water 
Security Reference Group and Technical Working Group. No other special considerations were given 
to the various regulatory bodies. This strategy was signed off by the SA Water board and the Minister 
for Water Security. 
FINANCING 
The strategy was paid for entirely by SA Water with in-kind contributions from each of the 
stakeholders represented on the reference and working groups. 
Implementation models for considered projects, such as public-private-partnership, were not 
considered at this stage of the assessment. As the nature of the projects is reasonably large scale, 
the researchers expect that SA Water would be responsible for sourcing all of the funds with support 
from either the state or federal governments. 
OUTCOMES 
Shortly after the strategy was completed in 2008, the millennium drought broke and water supply 
pressures reduced. This has resulted in a reduced need for any new infrastructure in the short term as 
the predicted water supply deficit was much less imminent. Three factors resulted in the reduction of 
demand side pressures. Those factors were: increased water tariffs due to the construction of the 
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Adelaide desalination plant
1
, decline in industry caused by the poor economic environment, and 
uptake of rainwater tanks. Supply side pressures were also reduced as water availability improved 
with increase in rainfall. 
Under current supply and demand modelling new supply augmentations may be required in 2022-23. 
SA Water has indicated that they will revisit the findings of this strategy every five years until it is 
deemed a new supply option is needed. SA Water has noted that even though the strategic 
infrastructure recommendations were not implemented it has not been a wasted effort as the work 
completed in this strategy will be used to inform any future strategies in the region as the need arises. 
FINDINGS 
1. IUWM planning takes a long time so it is good to start early 
It could be argued, as this strategy was never implemented, that it was a waste of resources, however 
the researchers do not believe this to be the case. In many of the project case studies created during 
this research program there is evidence of rushed planning caused by an immediate need for extra 
water. Often these projects were not informed by previous planning strategies and the resulting 
rushed planning achieved sub-optimal outcomes and decisions that were not properly justified. The 
researchers believe that completing initial planning, prior to the need for extra water, would result in 
better informed and more justified decisions, and therefore optimal planning outcomes. 
2. Dividing a Multi-Criteria Assessment (MCA) score by water yield makes it possible to fairly 
compare options of different scales 
The MCA used in this strategy divides the MCA score by water yield to give the final option 
assessment scores. In most MCAs normally water yield is considered as another weighted input into 
the MCA, which can result in over or under recognition of other impacts. In many examples financial 
impacts are the most important factor when assessing options in an MCA, however in this strategy 
water yield was the main driver and most important factor. In any option selection tool, such as an 
MCA, both the benefits and the negative impacts need to be identified and calculated. It is difficult to 
assess these impacts in relation to water yield, so an MCA score per water yield is very appropriate. 
This finding is similar to the finding in Appendix A9, when an MCA score was divided by cost. Further 
explanation can be found in Appendix A9. 
3. MCA weightings should directly reflect the objectives of water strategies 
Community acceptance and engagement was highlighted as a key area of importance during the Eyre 
Region Water Summit. The researchers believe that SA Water should be commended on the very 
thorough and well planned community engagement throughout the majority of the strategy, findings 
six and seven highlight this point. However, the MCA gave community acceptance a total weighting of 
1%, which the researchers believe to be an underrepresentation of its importance. In the MCA scores 
the Iron Knob – Kimba stage 2 pipeline received a 4/5 for community acceptance (higher numbers 
mean less acceptable) which indicates that the community did not accept this solution. However, 
because community acceptance received a relatively low rating, it did not greatly impact the final 
assessment scores and this option became part of the final recommendations. The researchers 
believe that future MCA weightings should be strongly focused on reflecting the goals, values, or 
objectives of a strategy. 
SA Water noted that the preferred solutions impact their state wide pricing, as all customers pay the 
same for water in South Australia. This puts a lot of emphasis on economic efficiency and weighing 
the criteria against the broader needs of the state population. To be able to show social and economic 
responsibility, the options cannot be assessed without considering the state wide impacts. 
4. MCA scores for different options should be nominated using consistent and reasonable 
qualitative assessments  
                                                     
1
 All of South Australian water customers pay the same water tariff which increased due to the 
construction of the Adelaide desalination plant. 
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Of the six projects assessed as part of this strategy, the Tod River rehabilitation stands out as not only 
the only project that has a strong environmental rehabilitation focus, but also a more difficult 
governance situation as SA Water is not the main authority. However, as part of the MCA scoring the 
Tod River scored 2/5 for both impact on aquatic ecosystem and impact on terrestrial ecosystem, while 
the Iron Knob – Kimba stage 2 pipeline scored 1/5 and 2/5 for these criteria respectively. The 
rationale behind Iron Knob – Kimba stage 2 pipeline scoring was that it would have very little or no 
negative impact on the ecosystem. While the rationale behind the Tod River scoring was that while 
the project would improve a damaged ecosystem, this ecosystem would still be under significant 
stress; therefore it should not score a 1/5 for either criteria. These two different rationales have 
resulted in one option that had a net positive impact to the ecosystem being scored poorer than an 
option which had a net negligible impact. It should be noted that in this case there was no impact to 
the final recommendations as the Tod River option scored poorly in other criteria as well. The 
researchers believe that in future similar and consistent rationales should be used across all options. 
5. Using a common baseline for comparing options is beneficial 
The researchers believe that in order to accurately complete an MCA, each criterion must be 
assessed against a common baseline. The MCA score was calculated by comparing each option with 
the best and worst options and not a common best practice benchmark. This could potentially 
represent the difference between the highest and the lowest scores inaccurately in relation to best 
practice. This method makes it difficult for comparison with a best practice or other benchmarks, such 
as business as usual or current situation. The researchers believe that this resulted in a less 
transparent MCA and recommend future MCA to use common baselines. 
6. Community engagement should include targeted engagement on specific key issues 
The engagement with the community completed during this strategy could have been targeted more 
effectively when considering infrastructure options. SA Water noted that if more targeted questioning 
were used in the community forums it may have resulted in a greater understanding of the 
communities’ wants, needs, and expectations. Therefore an argument can be made that targeted; 
smaller consultation sessions with community later in the planning phase would be more effective 
than engagement sessions which are broader, as used in this strategy. 
7. Carefully considered planning of community and stakeholder engagement is essential 
The researchers believe that the planning completed by SA Water for their community and 
stakeholder engagement is one of the most comprehensive of all the case studies investigated. SA 
Water did note however that the engagement was quite resource intensive. One key part of their 
engagement plan was to identify five clear phases, during which different stakeholders or members of 
the community were consulted with in varying ways. In line with the objective of transparent 
engagement, SA Water also recorded results from all engagement sessions and circulated the 
amendments or responses to the concerned parties. The researchers believe this is an excellent 
example of the full cycle of engagement resulting from thorough planning and may be relevant in 
future strategies. 
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Lead organisation South East Water 
Location South Eastern suburbs of Melbourne 
Brief description 
An Integrated Water Management 
Plan for all of South East Water’s 
region 
Technical Detail High Detail (8/10) 
Outcomes 
Setting objectives – Approving 
options 
Approvers External 
Water services included All water services 
Geographical size 3,600 km2 
Population impacted 1,500,000 people 
Interesting aspects of 
this case study 
Stakeholder and Community 
Engagement, Option Shortlisting 
 
 
 
Authors:  
Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
Water Initiatives for 2050 was created to become the Integrated Water Management strategy for the 
entire South East Water region in Melbourne. It covers two scales of planning, the sub-regional and 
local scales. A strong focus of the strategy was on stakeholder engagement to create shared 
objectives and goals at the sub-regional scale. In collaboration with the stakeholder reference group 
(SRG) these objectives were then used to identify specific local-scale projects in seven defined zones. 
This strategy was never formally accepted by board; however as the first of its kind it paved the way 
for future IWM strategies. 
FINDINGS 
1. There may be some benefit to be gained from completing a number of smaller scale 
strategies rather than one large-scale strategy 
The strategy covered two planning scales, and multiple planning phases in one process. This work 
included: setting objectives and goals at the sub-regional scale, and assessing, recommending and 
seeking approval of projects at the local scale. In the researchers' opinion, specific local project 
implementation planning is difficult to conduct as part of a large scale strategy with so many involved 
stakeholders. The researchers believe that this could be better achieved by breaking down option 
assessment, recommendation, and approval aspects of this strategy into multiple smaller strategies. 
Each of these smaller strategies would have smaller SRGs, allowing for more targeted planning. 
2. Open conversations with stakeholders promote more transparent engagement with less 
perception that it is disingenuous 
The stakeholder engagement involved with setting objectives and goals at the sub-regional scale was 
seen as the strongest aspect of the strategy by both the researchers and SEW. By bringing together 
27 different stakeholder organisations at an early stage, and allowing stakeholders to guide the 
direction of the strategy, the researchers believe that the strategy has approached stakeholder 
engagement in a more holistic way (in terms of genuinely considering stakeholder opinions) than any 
of the other strategy case studies considered in this research program. 
3. Community and stakeholder engagement planning should consider technical understanding 
and potential biases 
The engagement with councils and the community completed during this strategy could have been 
targeted more effectively when considering infrastructure options. SEW noted technical understanding 
as an issue with large community engagement sessions, as community members would often be 
concerned with lot scale outcomes, which were not in the scope of this strategy, resulting in ineffective 
engagement outcomes. SEW were very positive about the more targeted focus group session that 
was conducted as a method for gathering community opinion about a specific issue. Therefore an 
argument can be made that targeted, smaller consultation sessions with community and stakeholder 
organisations is more effective than engagement sessions which are broader. 
4. Financial contributions from stakeholders may increase stakeholder buy-in and therefore 
ability to implement the strategy 
SEW noted that if each partner had been expected to contribute financially, not just in-kind, there may 
have been higher stakeholder buy-in and improved chances of implementation. Future strategies may 
derive a benefit from seeking financial contributions from appropriate stakeholders such as councils 
and other water authorities. However there is also a risk that this will exclude poorly financed 
organisations. 
5. The furthering of knowledge should be a considered benefit when evaluating strategies 
One of the positive outcomes from this strategy was the learnings that the water industry was able to 
take from it. This strategy involved many innovations, and has provided a wealth of practice-based 
learning into strategy development methodologies for the industry. The method of decision making 
was used in future major strategies around Melbourne and the ground breaking spatial analysis 
technical evaluation method was repeated as part of other major strategies. The researchers have 
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also been able to conclude much significant learning from the stakeholder and community 
engagement process that will be used to inform future strategic decision making processes. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to the increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy Gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine 
the preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
To understand and compare strategy case studies, a system of categorisation has been developed. 
The researchers have determined six different scope descriptors used to categorise each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types of outcomes has the strategy 
attempted to achieve from the hierarchy of 
outcomes 
Objective setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either internal 
approvers, external 
approvers, multi-
organisation approvers 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
South East Water (SEW) is the water authority for Eastern and South-Eastern Melbourne. The SEW 
region covers several types of urban and rural areas, from inner-city highly dense areas, to outer 
suburban Greenfield areas of the outer Eastern suburbs, and the rural areas surrounding Western 
Port Bay. This strategy covers the entire SEW region, however to account for the different land-use 
types and communities it has been broken into seven distinct zones which utilise the same process. 
Integrated Water Management (IWM) goals and objectives have been set for all stakeholders across 
the region as part of this strategy, and then these goals were used to identify local-scale options. In 
this way the planners were able to achieve the desired detail in terms of infrastructure projects in each 
of the zones in one strategy. 
This strategy had a very high amount of stakeholder engagement with all the 15 councils in the region 
engaged, many through monthly stakeholder reference group meetings. 
 
Figure 2 - Map of the South East Water’s Region 
Scope descriptors 
Width 
All water services have been considered by this strategy. As the strategy covers the entire SEW 
region, their whole region of 3,600 km
2
 and their entire customer base of 1.5 M people have been 
used to categorise this strategy. 
Depth 
This strategy goes into high levels of detail with extensive mapping and modelling completed across 
the whole region and each of the zones. Furthermore there were many different potential initiatives 
considered by the strategy. This strategy covers two scales, first objectives were set, and agreed to, 
across the entire region. Then the region was split into seven zones, to assess, recommend, and then 
to seek approval for infrastructure options in each of the zones. This strategy sought endorsement 
from each of the 27 organisations represented on the stakeholder reference group and is therefore 
very much an externally approved strategy. 
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CONTEXT 
Background 
Towards the end of the millennium drought, the state government wanted Victoria, and in particular 
Melbourne, to become a world leader in IWM to reduce the potential impact of future droughts in 
Victoria as well as mitigate the need for new large centralised infrastructure. Earlier, in 2003, SEW 
had created its first residential recycled water scheme with good success. During the millennium 
drought, many parks in the SEW area were not able to be watered and this became a major incentive 
for councils and other regional stakeholders to get involved and collaborate on this strategy even 
though they were not obliged to do so. When this strategy began in 2010, SEW recognised that there 
are multiple other technologies that could also potentially achieve benefits to multiple aspects of the 
water sector, for example rain water tanks, and wetlands. SEW needed to understand which of these 
technologies was most appropriate to achieve highest community outcomes in their region and how 
best to integrate all these technologies.  
With the issues of climate change, drought and urban growth in and around Melbourne, this was seen 
as being a very pressing priority for the government. These issues resulted in the incoming Liberal 
state government directing all Victorian water authorities to complete integrated water management 
plans for their regions. While this strategy had already begun in 2010 prior to the government 
directive, it became a major driver for SEW to complete this strategy. 
SEW recognised that this strategy could be the catalyst for greater integration and collaboration 
between regional stakeholders. SEW believes that a joint vision and agreement between multiple 
stakeholders is the best way to move forward and achieve the best outcomes for the community. This 
strategy was seen as the perfect opportunity to do so.  
 
Figure 3 – Water Initiatives for 2050 drivers 
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Assets 
As the SEW region is so large, each of the different zones in this strategy have different assets and 
challenges needing to be considered. A map of all the zones of the strategy can be seen in Figure 1. 
Zone 1 has many small urban areas mainly along the two coast lines, which are already well serviced 
with infrastructure, but the areas that are away from these towns are not well serviced. This zone has 
a high availability of recycled water as, not only are there many small water recycling plants, but also 
the South East Outfall runs through this zone, delivering class A recycled water from the Eastern 
Treatment Plant (North of Zone 1) to Boags Rocks in the south of Zone 1. This high quality recycled 
water is currently being discharged to the ocean, so it could potentially be supplied to users at very 
low cost. 
Zone 2 is a large rural zone in the East of the SEW region. There are several small towns dotted 
throughout the zone; however the majority of the zone will stay as agricultural land. As this zone is far 
from centralised sewerage treatment and water storages, transferring either of these in or out of the 
zone is relatively expensive, meaning that water recycling in the area could potentially be a good 
solution. 
Zone 3 is a Greenfield area earmarked for high levels of residential and industrial development. The 
Northern areas of Zone 3 are part of the Cardina/Casey growth area and will experience high levels of 
residential growth over the coming decades, while at the moment there is not much infrastructure in 
place. The Port of Hastings has been earmarked to become Melbourne’s second port and will 
therefore need large amount of infrastructure, including water services. 
Zone 4 is an already largely urbanised brownfield growth zone with much infrastructure already in 
place. However, like Zone 2, in many areas in the East of Zone 4 there are high transfer costs and 
also an abundance of recycled water. This zone has several smaller water recycling plants as well as 
Melbourne’s second largest sewage treatment plant the Eastern treatment plant. Many of the suburbs 
along the bay have high levels of flooding, which is an issue that must be considered by the strategy. 
Zones 4.1, 4.2, and 4.3 are all urban high density activity zones, already having high amount of water 
infrastructure, which will need upgrading in order to facilitate more growth, however space is a major 
issue in these centres. 
Each of the zones, the local government areas inside the zone, the land type category, and a brief 
description is shown below in table 5. 
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Table 5 – Zone descriptions 
Zone Local Government Areas 
Land use 
type Description 
1. Mornington 
Peninsula 
Mornington Peninsula Shire Peri urban 
Major tourism destination close to 
Melbourne with increases in summer 
population, and associated tourism 
facilities such as golf courses. 
Existing agriculture consists of 
wineries, hobby farms and high value 
agriculture. 
Challenge to maintain balance of 
residential and rural land use into the 
future. 
2. Westernport 
Environs 
Mornington Peninsula Shire 
City of Casey 
Cardinia Shire Council 
Baw Baw Shire Council 
South Gippsland Shire 
Bass Coast Shire Council 
Rural 
Area contains highly productive soils, 
which, combined with high rainfall 
climate, makes it highly suitable for 
agriculture. 
3. Casey / 
Cardinia / 
Hastings 
Mornington Peninsula Shire 
City of Casey 
Cardinia Shire Council 
Urban green 
field 
Casey/Cardinia growth corridor is a 
rapidly growing housing development 
area of Melbourne. 
Port of Hastings to be developed as 
Melbourne’s second container port. 
4. South East 
Metro 
City of Melbourne 
City of Stonnington 
City of Port Phillip 
Glen Eira City Council 
Bayside City Council 
City of Monash 
Kingston City Council 
City of Greater Dandenong 
City of Frankston 
Knox City Council 
Yarra Ranges Shire 
City of Casey 
Urban brown 
field 
Comprises the eastern and south 
eastern suburbs of Melbourne. 
Population growth expected to be 
accommodated through infill 
development in existing urban areas. 
Open space and parkland such as 
Kingston green wedge recognised for 
contribution to community health and 
amenity. 
Manufacturing and light industrial 
facilities in the Caulfield, Port 
Melbourne, Monash and Dandenong 
areas. 
4.1 Southbank City of Melbourne Activity District 
Designated high density area – 
commercial/residential 
4.2 Dandenong City of Greater Dandenong Activity District 
Designated high density area – 
commercial/residential 
4.3 Frankston City of Frankston Activity District 
Designated high density area – 
commercial/residential 
  
Lachlan Guthrie – PhD Thesis 281
APPENDIX A6 – WATER INITIATIVES FOR 2050 
Water Research Australia Ltd – PhD Project 4504  11 
 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
The functioning and oversight of strategy was completed by four separate groups, each with different 
functions. These groups were; 
 The South East Water Board 
 The Project Management Group (PMG) 
 The Project Team (PT) 
 The Stakeholder Reference Group (SRG) 
 
 
Figure 4 – Governance arrangements for strategy 
Dotted line indicates indirect contact, hard line indicates direct contact 
The majority of the work was completed by the PT, which featured SEW staff working day-to-day on 
the strategy. The PMG oversaw and guided the strategy to meet internal SEW requirements and 
ultimately be approved by the SEW board. The board was required for internal approval of the 
strategy and had an ongoing dialogue with the PMG but not direct communication with the PT or the 
SRG. Having an SRG ensured that the strategy met the requirements of all the external stakeholders 
that were members of this group. The SRG had direct contact with the PT and indirect contact with 
the PMG. Table 6 describes the roles and responsibilities of each of these groups while Figure 3 
shows how each group worked together. 
  
Project Management 
Group (PMG) 
MW and SRW included 
Project Team 
(PT) 
SEW & MW 
Stakeholder 
Reference Group 
(SRG) 
South East Water 
Board 
Monthly reporting 
Monthly reporting 
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Table 6 – Roles and Responsibilities of different groups 
Group Roles and Responsibilities Objectives 
Board (SEW) 
Promote the IWM Strategy externally and risks are 
effectively managed 
Receive milestone and update reports 
Approve the IWM strategy 
The strategy is developed in line 
with the Corporate Plan 
Project 
Management 
Group 
(PMG) 
Oversee the project direction and approve major 
funding 
Provides direction to the IWM Project Team 
Resolve conflict and issues 
Advise Board on key milestones and issues 
Melbourne Water, Southern Rural Water, and Chair 
of the SRG part of the PMG 
An IWM Strategy is delivered that 
is actionable and meets the initial 
project objectives 
Project 
Team (PT) 
Manage project in accordance with the project and 
engagement plans 
Report project status 
Supervise consultants 
Responsible for time, cost, quality and performance 
Seconded staff from Melbourne Water were included 
in the project team 
Deliver project on time and within 
budget 
Stakeholder 
Reference 
Group (SRG) 
Broad cross section of perspectives 
Size 22 persons (Permanent) plus 4 government 
representatives 
Independent Chair 
Provides external review and 
guidance 
Can make recommendations 
Transfer knowledge and 
information back to their 
organisation 
Risk management 
The initiatives and options that were considered by this strategy were all technologies that SEW was 
relatively familiar with. Any technologies that were considered difficult to implement because of 
impediments specific to each zone, were removed early in the option shortlisting phases. For these 
reasons, there was no project or technology specific risk assessment completed. 
However a risk assessment was completed as part of the stakeholder engagement plan, in relation to 
how much influence stakeholders had over the strategy successfully achieving its intended outcomes. 
These risks were taken into account when deciding what level of engagement the PT and PMG would 
use when engaging with members of the SRG. 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
As this strategy was viewed as an opportunity to work with stakeholders to  achieve the best 
community outcomes, stakeholder engagement was an integral to the process. Detailed stakeholder 
analysis identified over 50 different stakeholder organisations, including all 15 councils in the region, 
and assigned each with a rating of high, medium or low in the fields of interest/impact and influence. 
From these ratings, stakeholders were divided into three tiers according to how and when the project 
team would engage with them, these tiers are shown in Figure 4. The levels of engagement used 
have been informed by the IAP2 levels of engagement. Stakeholder organisations that were identified 
included members of the water industry, local government, community groups, regulators, land 
developers, indigenous groups, academia, plumbing regulators, land management groups and others. 
The stakeholder groups that had either a high interest/impact or influence rating when mapped were 
invited into the SRG, however sometimes practicality overuled these criteria. 
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Figure 5 – Tiers of stakeholder engagement informed by the IAP2 stakeholder engagement 
framework 
Stakeholder organisations in tier 1 were invited to be part of the stakeholder reference group and be 
able to collaborate and communicate directly with the project team. In total 26 external stakeholders 
were indentified and took part in the SRG which met monthly. Stakeholder organisations in Tier 2 
were presented with the options that would be assessed during this strategy and involved and 
consulted with at this stage. Stakeholder organisations in Tier 3 and the wider community were largely 
just informed of the prefered options at the outcome of the strategy. The stakeholder engagement 
process was seen by the project team as incredibly valuable, regardless of the outcomes of the 
strategy, as it was able to bring all relevant stakeholders into workshops to discuss IWM issues and 
move forward together.  
SEW also noted that there was a cost of such a large SRG with many different opinions, objectives, 
and levels of technical understanding. This became difficult to manage and while the involvement of 
the SRG was resoundingly successful, it was suggested that if this process were completed again, a 
smaller more targeted SRG could be used to streamline the process. 
The majority of community engagement came through the councils that were involved in the SRG as 
they were considered proxies for the community’s opinions, though there were information sessions 
held in each of these councils and one targeted focus group run by SEW. SEW also provided training 
to councils on how to best engage with the community as requested. Feedback from the wider 
community was often unhelpful as the questions were focused on street-scale outcomes ("What is 
happening in my street?") which were not being addressed as part of this strategy. SEW noted that if 
they were to do this strategy again they would suggest trying to avoid broad community meetings in 
favour of targeted focus groups.  
  
Stage 1 – Visioning and 
initiative development 
• Tier 1 – Collaborate 
• SRG/PMG – Project Partners / Key Stakeholders / 
Local & State Government 
Stage 2 – Present 
Strategic Options 
• Tier 2 – Involve & Consult 
• Stakeholders 
Stage 3 – Preferred 
Options 
• Tier 3 – Consult & Inform 
• Wider Community 
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OPTION SHORTLISTING 
As there are many different infrastructure options and many more potential combinations of these 
options, it is impossible for planners to assess and evaluate each in sufficient detail. To determine 
how to best use technical evaluation resources, planners must first undertake an option shortlisting 
process to decide on a few suites of options for further detailed analysis and assessment. The project 
team with input from the SRG decided that three suites of options would be assessed in detail for 
each zone. The shortlisting process used in this strategy had five major stages detailed below; 
1. A long list of potential technologies was created, called “initiatives” 
2. Initiatives that were unfeasible in combination with one another were excluded 
3. Spatial analysis was used to determine which initiatives were most feasible in each zone 
4. Three suites of initiatives were brought together. each following a different strategic theme, 
called “strategic packages” for each zone 
5. Each strategic package was refined 
Long list of initiatives 
Using expert-driven processes, under the direction of the SRG, ten initiatives were identified that 
could potentially be implemented in each of the zones; 
 Centralised recycling 
 Decentralised recycling 
 Decentralised SW harvesting 
 Rainwater tanks 
 Greywater recycling 
 Groundwater extraction 
 Groundwater managed aquifer recharge (MAR) 
 Infiltration systems 
 Water efficiency 
 Bio-solids recycling 
Removing unfeasible initiative combinations 
Using a rapid process, initiatives that were unfeasible in combination were removed from 
consideration for each of the zones individually. To do this the strategy looked at the demands and 
determined which options could not work in combination. Some initiatives were not included in this 
process as they are not associated with demands. 
Table 7 shows an example of how this was done for zone 1. 
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Table 7 – Zone 1 residential demand initiatives shortlisting 
 Initiatives / Scenarios 
Initiatives 
C
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tralised
 
recyclin
g 
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recyclin
g 
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tralise
d
 
SW
 h
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g 
R
ain
w
ater 
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ks 
G
reyw
ater 
recyclin
g 
In
filtratio
n
 
system
s 
R
esid
e
n
tial / 
in
d
u
strial 
In
filtratio
n
 
system
s - 
Stree
tscap
e
s 
W
ater 
efficien
cy 
Centralised recycling 
 
Deleted  ○ Deleted    
Decentralised 
recycling 
 
 ○  Deleted    
Decentralised SW 
harvesting 
 
  
Deleted Deleted 
 
 
 
Rainwater tanks 
 
   
 
   
Greywater recycling 
 
       
Infiltration systems 
Residential/industrial 
 
     
 
 
Infiltration systems 
Streetscapes 
 
     
 
 
Water efficiency 
 
       
Legend 
 
       
 Initiative is applied to all strategic packages 
 Initiative is applied to greenfield and infill development areas, in combination with rainwater tanks 
Deleted Combination not physically compatible 
Deleted Combination not financially compatible 
Deleted Combination does not provide resilient supply 
○ Combination is viable however does not maximise supply volume 
 Combination is viable and maximises supply volume 
Spatial analysis 
Each initiative requires several different criteria to be met to be feasible in a certain zone. Spatial 
analysis was used to create multiple overlay maps which could be used to show which areas met all 
of the feasibility criteria and therefore determine how feasible each initiative was in each zone. Two 
different software packages ArcGIS Model Builder and FME were used to create and bring together 
the different overlays. 
For example, for the grey water recycling initiative to be feasible the following criteria needed to be 
met; 
 The area needed sandy soils 
 Low to medium residential density 
 200m buffer from water courses 
 Ground water at a depth of at least 2m 
Each criterion was used to create an overlay map and when these were put together planners could 
easily see which areas would be feasible. Each initiative undertook this process three times with 
different criteria to determine if the initiative was not feasible, moderately feasible, or highly feasible. 
This strategy was the first time that this kind of spatial analysis had been developed for the Victorian 
Water industry and has since been transformed into the Water Atlas, a state-wide tool for identifying 
IUWM options. 
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Creation of strategic packages 
To create the packages of options, the project team first started by trying to determine which suites of 
initiatives would best suit each of the themes of the strategy using an expert driven process. These 
themes were; 
 Productive: a guide to create a package resulting in a diverse and resilient economy, with a 
focus on the agricultural industry and protection of soils 
 Liveable: a guide to create a package resulting in a strong community connection, with 
equitable and affordable living with plenty of green space and respect to water 
 Sustainable: a guide to create a package resulting in reducing the damage to the environment 
and protection of the rivers and waterway systems 
Refining strategic packages 
To refine each of the three packages, the project team used a five iteration refinement process, at 
each stage the packages became closer to those that would be assessed in detail. Table 8 describes 
the five iterations and the results of each.  
Table 8 – Framework development process summary 
Iteration Focus for strategic package Basis for rejection 
1 
The 3 strategic themes of 
Productive, Sustainable, and 
Liveable 
These strategic themes are the basis for the assessment 
of the strategic packages once they are formed. Each of 
the strategic packages needs to incorporate the entire 
theme. 
2 
The 3 implementation Scenarios, 
Low, Medium, and High 
Packages are intended to include any or all of the 
implementation scenarios in a zone 
3 
The 3 broad objectives, i.e. 
maximising potable substitution, 
environmental improvement, 
community benefit 
Each objective is linked to the volume of water that the 
initiative could supply, and therefore the objectives do not 
provide a basis for differentiation 
4 
The 3 'types' of possible systems, 
i.e. centralised, decentralised, and 
hybrid 
All strategic packages are intended to be a hybrid of 
centralised and decentralised systems 
5 
The 3 system classification 
themes, i.e. sewage, waterways, 
and groundwater aquifers 
This led to packages that were not 'integrated', i.e. 
'sewage' led to recycling packages only, and 'waterways' 
to stormwater packages only 
TECHNICAL EVALUATION & OPTION SELECTION 
As the technical evaluation was targeted at the inputs needed for the option assessment and 
selection, the sections of technical evaluation and option selection have been merged. 
Following the refinement of the strategic packages, each package needed to be assessed for different 
criteria before it could be inputted into the multi-criteria assessment. All the criteria and criteria 
weightings were developed using the same iterative process of; 
 Initial criteria and weightings produced during a SRG workshop 
 Criteria and weightings refined by the PT 
 Criteria and weightings approved by the SRG for use in the MCA 
In total 13 different comparative criteria were assessed separately, six quantitative criteria and seven 
qualitative criteria. 
The weightings that were developed were slightly different for each of the regions. This reflects the 
contextual specificity in the objectives of each region. This method is considered by the researchers to 
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be an ideal way to incorporate contextual specificity into a decision making process as it brings the 
strategic objectives into the final stages of the decision making. 
Quantitative Comparative Criteria 
Six quantitative comparative criteria were used by the project team to evaluate each of the strategic 
packages. Table 9 summarises each of these criteria, explains how each criterion is measured, the 
targets for each of the criteria, and the unit of measurement used to compare the results for each 
package. Each result was determined using a water balance to find the volumes of water then 
standard factors to calculate the result of each criterion. 
Table 9 – Summary of Quantitative Comparative Criteria 
Criteria Measures Target 
Unit of 
measurement 
Life Cycle Costs Net Present Cost (NPC) 
Minimise the increase in 
community lifecycle cost 
$ Million 
Water Quality 
Nitrogen, Phosphorus 
and Suspended Solids 
Improve water quality beyond 
"Better Bays and Waterways" 
Tonnes/year 
Water Hydrology 
Volume diverted from 
waterways 
Improve catchments beyond 2% 
DCI 
GL/year 
Fit for purpose 
Water 
Fit for purpose water 
Maximise supply of fit for purpose 
water 
GL/year 
Bio-solids 
recycled 
Bio-solids reuse Maximise % of bio-solids recycled Tonnes/year 
Green House Gas 
(GHG) Emissions 
GHG emissions Minimise GHG emissions Tonnes/year 
Qualitative Comparative Criteria 
Seven qualitative comparative criteria were used by the project team to evaluate each of the strategic 
packages. Table 10 summarises each of these criteria, explains objective of each of the criteria, and 
explains what will be considered when estimating how each initiative could meet the criteria called a 
proxy measure. 
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Table 10 – Summary of Qualitative Comparative Criteria and Proxy measures 
Qualitative 
Criteria Criteria Objective 
Proxy Measure for 
Objectives 
Adaptability to 
Change 
Ability of Infrastructure Investment to accommodate 
change in circumstances, improve technology which is 
relative to scale 
Water for Industry, 
Agriculture & golf 
courses 
Groundwater 
Ecology 
Contribution to maintaining groundwater water balance 
In terms of quality and level 
MAR 
Ecological 
Biodiversity 
Contribution to maintaining water way health, support 
groundwater dependent ecosystems and biodiversity 
Maximise 
stormwater, 
rainwater & 
Infiltration 
Local area 
amenity 
Water resource helps maintain healthy open communal 
spaces to encourage active and passive activities for 
physical and mental health  
Water for green 
areas, golf courses, 
environment 
Heat Island 
Extent that water resources support green areas to cool 
the air temperature, and promote vegetation for shading 
is proportional to the distance from CBD 
Water for res urban 
green areas, roof 
gardens 
Asset creation 
/ Operational 
Impact 
Extent that construction and operation of water 
infrastructure impacts on the community eg, noise, 
odour environmental disturbance 
Water for all demand 
centres 
Flooding Risk 
Reduced minor / nuisance flooding through reducing 
stormwater flows to  
Maximise 
stormwater, 
rainwater & 
Infiltration 
With each criterion’s proxy measure understood the project team allocated “relative ratings”. These 
ratings give each initiative a score for the potential impact that the initiative would have in assisting to 
meet the objective of each qualitative criteria. The relative ratings were given as scores of zero to five, 
according to these criteria; 
 Zero – this initiative does not help achieve the criteria objective 
 One – this initiative has a low impact to help achieve the criteria objective 
 Three - this initiative has a medium impact to help achieve the criteria objective 
 Five – this initiative has a high impact to help achieve the criteria objective 
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Table 11 – Relativity Ratings 
 Qualitative criteria and objective 
 Maximise 
Adaptability 
to Change 
Maximise 
Groundwater 
Ecology 
Maximise 
Ecological 
Biodiversity 
Maximise 
Local area 
amenity 
Minimise 
Heat 
Island 
Minimise 
Asset 
creation / 
Operational 
Impact 
Minimise 
Flooding 
Risk Initiatives 
Centralised 
recycling 
1 0 0 3 3 1 0 
Decentralised 
recycling 
3 0 0 3 3 3 0 
Decentralised 
SW 
harvesting 
3 0 3 5 3 3 5 
Rainwater 
tanks 
5 0 1 1 1 5 3 
Greywater 5 0 0 1 1 5 0 
Groundwater 3 1 0 1 1 3 0 
Groundwater 
MAR 
1 1 0 0 0 3 0 
Infiltration 
systems 
3 1 3 1 1 3 3 
Water 
efficiency 
5 0 0 0 0 5 0 
Bio-solids 
recycling 
1 0 0 0 0 1 0 
 
To select the preferred package for each zone, a multi-criteria assessment (MCA) was completed to 
give each package a score and then the highest scoring package form each zone was selected as the 
recommended package. 
For each package, the combined results from each of the criteria were collated and compared with the 
other packages in that zone. The package with the best result would receive a score of five and each 
of the other two packages score from 1-5 calculated by a ratio with the best package’s result, rounded 
to the next highest integer. Table 12 shows an example how these criteria scores were collated.  
Table 12 – Criteria score calculation example 
Fit for purpose Water criteria 
Package Water produce Ratio with best package Ratio out of five Criteria score 
1 50 ML 1 5 5 
2 40 ML 0.8 4 4 
3 12 ML 0.24 1.2 2 
Following the calculation of the criteria scores, each score was weighted and all scores summed to 
give the total package score. Each package MCA score was then compared with the others and the 
highest chosen as the preferred option for each package. 
As each zone is contextually different, the multi-criteria assessment for each zone used slightly 
different weightings to calculate the score. 
Table 13 shows a summary of the weight multi-criteria assessment scores, with the preferred option 
highlighted. 
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Table 13 – Summary Weighted MCA Scores 
Preferred option shown in red 
Zone Package 1 Package 2 Package 3 
1 3.75 4.67 4.72 
2 4.68 4.85 4.09 
3 3.07 3.16 3.54 
4 4.45 3.87 4.20 
4.1 
(Southbank) 
NA 2.44 3.18 
4.2 
(Dandenong) 
4.80 3.33 3.90 
4.3 
(Frankston) 
3.32 3.66 3.18 
It should be noted that the highly technical nature of the project meant that several councils involved 
in the SRG took longer than expected to endorse the recommendation due to a lack of resources.  
GOVERNANCE AND REGULATION 
Financial, health and other state government regulators were active members of the SRG. However 
they were not engaged at any greater level than any other member of the SRG. This brought them 
into discussions and decision-making processes early on in the strategy and therefore any initiatives 
or packages that were considered unlikely to pass through regulators were removed at early stages of 
the strategy. 
It is interesting to note that the Department of Treasury and Finance (DTF) was not involved with the 
SRG. This may be appropriate as it is unlikely that any of the recommendations outlined by this 
strategy would come at a cost of more than $20M, the threshold for DTF approval. 
FINANCING 
The strategy was paid for by SEW with some in-kind contribution from Melbourne Water and Southern 
Rural Water. Not all of the recommended infrastructure options would be SEW projects and 
agreement was achieved with the responsible stakeholders that would implement each. However as 
the strategy was never formally adopted by the SEW board these agreements were never enforced. 
OUTCOMES 
The strategy resulted in six key recommendations, shown in table 14 which mainly relate to the 
processes surrounding decision making and implementation of IWM structures and ideas. Only 
Recommendation 1 addresses the delivery of the recommended infrastructure packages shown in 
table 13. It is the opinion of the researchers that the more important recommendations of the strategy 
lie with the projects that have been recommended and agreed upon by different stakeholders. 
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Table 14 - Recommendations of Water Initiatives for 2050 
Recommendation Description 
Recommendation 1  
Delivery of findings 
Move toward an Integrated Water Management future by 2050 by progressing 
with the water initiatives identified, whether they require identifying specific 
projects, developing priorities, preparing business cases or gaining additional 
information to shape particular initiatives. 
Recommendation 2  
Water policy and 
planning 
Introduce a new regional water planning framework with associated regulatory 
and funding improvements, supported by a comprehensive water allocation 
system that enables local solutions to be delivered. 
Recommendation 3 
Innovation and 
incentives 
Water authorities promote innovation by clearly defining objectives and 
performance standards to encourage new solutions from the private sector. 
Provide incentives in emerging areas to encourage action. 
Recommendation 4  
Research and 
development 
Develop a research and development plan that assists in the delivery of the 
strategy findings. The research may be technical or involve customer 
research. 
Recommendation 5  
Collaboration 
Collaborate with stakeholders including the community through education 
programs; data sharing between water authorities; professional development 
across the water industry; and provision of information to customers. 
Recommendation 6  
Implementation 
Work with project partners and key stakeholders to develop an 
implementation program that identifies the lead agency for each action. 
Introduce monitoring and review processes with a view to updating the 
strategy within the next five years. 
While the strategy was given approval by many of the stakeholders in the SRG, the SEW board never 
formally approved the strategy for implementation. SEW decided to hand the recommendation to the 
state government as it was seen as their responsibility to implement recommendations 2 – 6. The 
researchers consider this a very sound approach as SEW did not have the legislative or political 
power to implement these recommendations. It should be noted that some of these recommendation 
have been implemented through different mechanisms. 
It should also be noted that SEW considers this decision making method to be the precursor for the 
five Water Future strategies that were undertaken by the OLV and are now being completed by the 
Department of Environment, Land, Water, and Planning. It is the opinion of the researchers that the 
educational benefits from the learnings of this strategy, in building the capacity of IUWM planning in 
Melbourne, are substantial. 
FINDINGS 
1. There may be some benefit to be gained from completing a number of smaller scale 
strategies rather than one large-scale strategy 
The strategy covered two planning scales, and multiple planning phases in one process. This work 
included: setting objectives and goals at the sub-regional scale, and assessing, recommending and 
seeking approval of projects at the local scale. In the researchers’ opinion specific local project 
implementation planning is difficult to conduct as part of a large scale strategy with so many involved 
stakeholders. The researchers believe that this could be better achieved by breaking down option 
assessment, recommendation, and approval aspects of this strategy into multiple smaller strategies. 
Each of these smaller strategies would have smaller SRGs, allowing for more targeted planning. 
2. Open conversations with stakeholders promote more transparent engagement with less 
perception that it is disingenuous 
The stakeholder engagement involved with setting objectives and goals at the sub-regional scale was 
seen as the strongest aspect of the strategy by both the researchers and SEW. By bringing together 
27 different stakeholder organisations at an early stage and allowing stakeholders to guide the 
direction of the strategy the researchers believe that the strategy has approached stakeholder 
engagement in a more holistic way in terms of genuinely considering stakeholder opinions than any of 
the other strategy case studies considered in this research program. 
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3. Community and stakeholder engagement planning should consider technical understanding 
and potential biases 
The engagement with councils and the community completed during this strategy could have been 
targeted more effectively when considering infrastructure options. The involved councils did not have 
the resources or technical capacity to be involved in such in-depth discussion about so many different 
technologies and zones. Council employees experienced some difficulty understanding some of the 
highly technical information, pushing out the deadlines in completing the strategy. SEW also noted 
technical understanding as an issue with large community engagement sessions, as community 
members would often be concerned with lot scale outcomes, which were not in the scope of this 
strategy, resulting in less effective engagement outcomes. SEW were very positive about the more 
targeted focus group session that was conducted as a method for gathering community opinion about 
a specific issue. Therefore an argument can be made that targeted, smaller consultation sessions with 
community and stakeholder organisations is more effective than engagement sessions which are 
broader. 
4. Financial contributions from stakeholders may increase stakeholder buy-in and therefore 
ability to implement the strategy 
SEW noted that if each partner had been expected to contribute financially, not just in-kind, there may 
have been higher stakeholder buy-in and improved chances of implementation. Future strategies may 
experience a benefit from seeking financial contributions from appropriate stakeholders such as 
councils and other water authorities. However there is also a risk that this will exclude poorly financed 
organisations. 
5. The furthering of knowledge should be a considered benefit when evaluating strategies 
One of the positive outcomes from this strategy was the learnings that the water industry was able to 
take from it. This strategy involved many innovations, and has provided a wealth of practice-based 
learning into strategy development methodologies for the industry. The method of decision making 
was used in future major strategies around Melbourne and the ground breaking spatial analysis 
technical evaluation method was repeated as part of other major strategies. The researchers have 
also been able to conclude much significant learning from the stakeholder and community 
engagement process that will be used to inform future strategic decision making processes. 
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Appendix A7 – Water Forever South West 
 
 
Lead organisation Water Corporation 
Location 
South West corner of Western 
Australia 
Brief description 
Planning study of the water needs in 
the South West Region of Western 
Australia 
Technical Detail Medium detail (6/10) 
Outcomes Analyse and Recommend options 
Approvers External Approvers 
Water services included Water servicing strategy 
Geographical size 24,000 km2 
Population impacted 75,000 people 
Interesting aspects of 
this case study 
Community engagement, 
Implementation, Context 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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EXECUTIVE SUMMARY 
Water Forever South West is the water servicing strategy completed by Water Corporation for the 
South West region of Western Australia. The strategy considers the impacts to the water system and 
therefore is not what would generally be considered an “integrated” water strategy. Water Corporation 
is the main water authority in Western Australia and is closely overseen by the State Government in 
terms of budgetary control and strategic objectives. This strategy looks at many different regional and 
local scale options and assesses them using a simple Multi-Criteria Assessment. One of the key 
aspects of this strategy is the large amount of community and stakeholder engagement which 
involved several stages, and targeted multiple sectors of the community. 
FINDINGS 
1. IWM planning takes a long time so it is good to start early 
In many of the project case studies created during this research program there is evidence of rushed 
planning caused by an immediate need for extra water. Often these projects were not informed by 
previous planning strategies and the resulting rushed planning achieved sub-optimal outcomes and 
decisions that were not properly justified. The researchers believe that completing initial planning, 
prior to the need for extra water, may result in better informed and more justified decisions, and 
therefore optimal planning outcomes. Therefore the researchers endorse the proactive and long-term 
nature of this strategy. 
2. Having project implementation triggered by increases in demand (or reduction in supply) 
greatly reduces demand and supply risks 
This strategy went into very little detail regarding the timing and implementation of certain options, but 
indicated that this planning would be completed closer to when it was needed as triggered by a water 
balance. This method of planning will reduce the chances of infrastructure being constructed and not 
used as intended, as it reduces risks associated with the uncertainty surrounding demand and supply. 
However, to use this method, planning needs to begin many years in advance, prior to an immediate 
need for water presenting itself and therefore requires a proactive planning approach. 
3. Multi-Criteria Assessments can be a good community engagement tool if they are designed 
with that purpose in mind 
Water Corporation created a simple MCA to be used as a community engagement tool. Often MCAs 
are very data intensive and difficult for members of the public to understand, but as it was targeted 
toward the public, the MCA used in this strategy was intentionally simple to understand and follow. 
Water Corporation used this tool with great success to quickly show the community that social, 
environmental, and financial impacts were being considered, and what those impacts might be. 
4. Planning community engagement is essential 
The researchers believe that the planning undertaken by Water Corporation for their community 
engagement is the most comprehensive of any case study investigated. As a result of this they were 
able to complete more community engagement than any other case study without leaving Water 
Corporation with a sense that they had wasted resources with too much engagement. One key part of 
their plan is that Water Corporation identified what level of engagement each engagement action 
would target and used this to inform how the results would be attained and how they would be 
integrated into the strategy. 
5. Non-integrated water supply planning is simpler than integrated planning therefore not all 
learnings are transferable 
The structural and regulatory environment that exists in Western Australia has resulted in less ability 
and less need to complete fully integrated water infrastructure planning compared with Victoria. Water 
Corporation and The Department of Water are the main players in the Western Australian water 
sector. The Department of Water is a regulatory body for water abstraction and is also responsible for 
drainage management plans. As a regulator, the Department of Water needs to provide fair and 
unbiased assessments in line with legislation, so they must have some form of separation from the 
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supply planning, yet they are the lead player for drainage plans. This makes it difficult for Water 
Corporation to partner with multiple stakeholders for a true integrated water plan. Further, the state 
government through legislation requires Water Corporation to act in a commercial manner. Water 
Corporation follows a more tradition approach to water management and does not have the strategic 
responsibility of improving a broad spectrum of impacts to the entire community, to the extent that 
Victorian water corporations do. Considering these factors, water planning does not have the ability or 
need to be as integrated as it does in Victoria. 
Overall the strategy is successful at meeting Water Corporations goals in regards to water supply in 
the region. The decision making in this strategy did not need to be justified to multiple potentially 
competing external stakeholders, for this reason a complex MCA was not required. In turn the process 
used in this strategy became less subjective and more transparent. 
However, the decision-making processes used would result in an unmanageable number of 
community opinions and options to be assessed, were it applied to an IWM strategy with a similar 
scope to what we see in Victoria. Further, the option selection and technical evaluation processes 
would also be far too simplistic to be able to accurately assess which options achieve the best 
community outcomes. 
6. There may be some benefit to be gained from completing a number of smaller scale 
strategies rather than one large-scale strategy 
Water Corporation noted that the scale of the strategy was very broad, including 31 water supply 
schemes in five sub-regions which meant that the strategy was a long process. As the 
recommendations of each of the sub-regions only had impact on other sub-regions if they were 
integrated, the researchers suggest that in future similar strategies might be better to complete as 
several different strategies, maybe one for each sub-region or scheme, to break up the strategy to 
make it easier to understand and follow. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been 
proposed by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies 
which are used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each case study, the 
researchers have recorded information on each of the planning components contained in blue boxes. 
 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options to determine the 
preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors that to be used to 
categorise each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types outcomes has the strategy attempted 
to achieve from the hierarchy of outcomes 
Objective setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either internal 
approvers, external 
approvers, multi-
organisation approvers 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
The South West region in Western Australia is the most South Western tip of Australia. Water 
Corporation is the water service provider, including both retail and bulk supply functions, for all of 
Western Australia, apart from some small towns. The two largest towns in the study region, Bunbury 
and Busselton, have their water supplies managed by the smaller water utilities Aqwest and 
Busselton Water. These towns have not been fully considered in the strategy, because areas which 
are not managed by Water Corporation are outside of the strategy scope. 
The majority of the case studies in this research program are from Victoria which appears to have 
different strategic objectives to those of Water Corporation in Western Australia. Under Western 
Australian legislation Water Corporation is required to act in a commercial manner and provide water 
and wastewater services to ensure that WA is a liveable state. Water Corporation will often require 
transparent Government support to act outside of this mandate, for example in the form of a grant or 
funding. This has resulted in the Western Australian water sector placing a high priority on 
transparency and therefore lower priority on highly technical Integrated Water Management planning 
processes, which has resulted in water, sewer, and drainage servicing strategies often being 
completed as largely independent processes. 
While Water Corporation manages the sewerage and water services throughout the state, the 
drainage has many more players with householder requirement to control all runoff at the household 
scale, councils managing road drainage. The Department of Water manages waterways and is 
responsible for floodplain mapping for major river systems, preparing drainage and water 
management plans, providing Western Australian stormwater management principles, criteria and 
guidelines, and assessing urban development proposals. In the south west the Water Corporation 
manages some rural arterial drains but no urban drainage. 
To make the strategy more localised, Water Corporation has divided the South West region into five 
sub-regions. Potential options have been assessed at the sub-region scale with water balance 
modelling completed to ensure that each sub-region does not run out of water. 
While the strategy does not meet the criteria for an “Integrated” water management strategy it has still 
been included in the research program to provide parallels in the decision making process completed 
by different states across the country. There are no region wide sewerage or drainage plans. 
Sewerage is planned for each sewerage system and there is no clear need for a region wide strategy. 
Drainage is normally planned by the Department of Water at the catchment level. 
Lachlan Guthrie – PhD Thesis 301
APPENDIX A7 – WATER FOREVER SOUTH WEST 
8  Water Research Australia Ltd – PhD Project 4504 
 
 
Figure 2 - Map of the South West Region 
Scope descriptors 
Width 
Water supply services are the only problem that this strategy addresses. The South West region is 
approximately 24,000 km
2
 and Water Corporation provides water to 75,000 people in the region. 
Depth 
This strategy goes into medium levels on detail with low level project planning completed for each 
identified option but a relatively high detail MCA used to assess the options, therefore it has been 
rated a 6/10 in terms of depth. This strategy sets out to analyse options and recommends a suite of 
options to be built in a 50 year time frame but without an implementation schedule. As individual 
options have not been approved as part of this strategy it has been considered an analysis and 
recommendation strategy. While, this strategy has largely been approved internally, because of the 
approval required from the Water Reference Panel it has therefore been categorised as an externally 
approved strategy. 
CONTEXT 
Background 
In the 1970’s Western Australia experienced a “step change” in water availability, with water yields 
greatly reducing in a brief period of time, it can be considered similar to a drought that never broke 
and became the new normal. 
It has been predicted that by 2060 there will be a 14 billion litre shortfall in water availability across the 
South West region if there are no infrastructure changes. One major factor in the shortfall is climate 
change with 14 out of 15 recently completed climate models estimating that water yields will continue 
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to drop across all of Western Australia. Another factor is increased growth in the region, leading to a 
higher water demand. These two factors combine to result in a very large shortfall across the region. 
As water availability is a state-wide concern in Western Australia, in 2012 Water Corporation released 
a ten year plan for the water supply of the entire state called Water Forever. One of the 
recommendations of Water Forever was detailed water planning strategies will be completed for each 
region of the state, including the South West region. Water Forever South West is the name of the 
strategy considered in this case study, and plans how best to ensure reliable water supplies are able 
to keep up with demands in the region until at least 2060. 
 
Figure 3 – Water Future South West drivers 
Figure 4 below is an extract from the Water Forever South West strategy and shows water availability 
deficit in the South West region predicted to 2060 without any new infrastructure or demand 
management programs. 
 
Figure 4 – Water availability, demand, and shortfall in the South West region 
Predicted 
water shortfall 
• Step change in water availability in the 1970s 
•14/15 climate models predict less water in the future 
• Increased growth expected in the region 
• Shortfall of 14 GL by 2060 
Water Forever 
•Water Corporation 10 year plan recommended that water 
security plans are created for each region 
•This is one of those plans 
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Assets 
Across all of Western Australia there are large supplies of underground aquifers which are easily 
accessible thanks to sandy soils across most of the state, the South West is no exception with the 
majority of the water supply sourced from groundwater, as shown in figure 4. However, as the South 
West region is so large there are many different sizes of towns with different levels of infrastructure 
and assets. There are numerous dams, rivers, bore fields, and a desalination plant spread throughout 
the region. 
Sandy soils have also impacted stormwater services in Western Australia, with each householder 
responsible to manage their storm flow runoff at the lot scale, as it can be discharged straight into the 
soil. This is not possible with the clay based soils found in Victoria and results in less emphasis 
needing to be placed on drainage in water planning by the Department of Water in Western Australia. 
One other key aspect of the region is that some of the sub-regions have a larger water shortfall than 
others. This has given rise to potential inter-region transfers, which have also been assessed by this 
strategy. 
Functional differences between Western Australia and Victoria 
Unlike most of the case studies in this research program, Water Forever South West was conducted 
outside of Victoria. This case study could be considered a servicing strategy focusing on only one 
service at a time. It is important to be able to investigate all forms of water management decision 
making and therefore the researchers have completed the case study which would ordinarily not be 
considered an Integrated Water Management Strategy.  
Unlike Victorian water authorities that run as semi-independent corporations, Water Corporation is 
much more closely tied to the state government in terms of financial dependence. Water charges are 
set by the Government as part of the yearly budget cycle. Similarly, Water Corporation annual profits 
or losses are returned to the state government yearly and the Government provides budget for the 
following year with a four year outlook. The Water Corporation also provides an annual statement of 
corporate intent and a year 5 year strategic development plan, including capital investment, to the 
Minister for Water for concurrence with the Treasurer.  
The State Government has adopted the uniform pricing policy for residential customers. This means 
that all Water Corporation residential customers pay the same price for water up to 300kl/household.  
Above that volume water tariffs are progressively increased towards cost recovery for each town or 
scheme. Wastewater charges in the country are also capped below cost recovery. As State 
Government sets the price lower than the full cost the State Government provides Water Corporation 
with an “operating subsidy” and changes to the operating subsidy are required to be approved by 
Government. 
For options that are above regulatory requirements, do not make commercial sense or are outside the 
Water Corporation’s responsibility, a user pays approach is encouraged. This helps to avoid cost 
shifting from the people who would benefit to the broader tax payers of Western Australia. As a result 
alternative water use in Western Australia tends to occur in a decentralised manner. This can be at a 
household level, through domestic bores, or at a local council level through groundwater bores for 
watering public open space. While there are many standalone solutions there are very few piped 
alternative water schemes. 
Table 5 outlines what the researchers believe to be the environmental, structural, and resulting 
functional differences between Victoria and Western Australia’s water industries. 
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Table 5 - Differences between Victoria and Western Australia 
 Victoria Western Australia 
Environmental 
Higher levels of clay in soils that do 
not absorb stormwater runoff 
Sewer treatment plants have very 
strict discharge licenses, providing 
greater incentive to reuse water 
Sandy soils absorb stormwater runoff, 
allowing for stormwater to be directed to the 
aquifer at the household scale 
STP discharge licenses in place, but not as 
strong a driver for reuse 
Structural 
The 19 Victorian Water Authorities 
are corporations with strong 
separation from the State 
Government 
 Each have five year rigid 
planning and budget cycles 
Water Corporation is more tied to the State 
Government as the main water utility 
supplying 80% of households across the 
state. WC is tied to annual budget cycle with 
a 4 year outlook. 
Functional 
In Victoria there is a lot of IWM 
 IWM strategies for each area 
on a sub-regional scale 
 Many alternative water 
projects and schemes 
In WA there is not much IWM 
 Alternative water use occurs at an 
individual household level or for 
individual public open space, fewer 
large alternative water systems 
 Servicing strategies interact but focus 
on only one service at a time 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
Water Forever South West was largely completed internally by a Water Corporation project team, 
featuring members from multiple teams within the organisation. However, much of the strategy was 
overseen by a Water Reference Panel featuring five independent, highly regarded water experts from 
Western Australian and Australia. The Water Reference Panel provided advice and guidance on all 
aspects of the strategy and often requested additional work be completed. Their guidance was 
considered incredibly valuable by the Water Corporation project team. The strategy also needed to be 
approved by the Water Reference Panel and this is why the strategy is considered externally 
approved. 
 
Figure 5 – Project team functioning and oversight 
Risk management 
The strategy largely negates risks associated with supply and demand by not locking in any 
implementation planning and not investigating options that would be unacceptable to the community 
or difficult to get approval from regulators. As the strategy recommends multiple options without a 
schedule of implementation, only trigger points for when further assessment would need to take 
place, the risks associated with slow population growth is almost completely negated. Each potential 
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option considered by the strategy assumed that all appropriate regulations would be met and 
addressed when more detailed project planning would be undertaken. 
However, the strategy does highlight one key risk in the future viability of groundwater entitlements. In 
the South West region there are 2,100 bores that each extract 50 ML or less of water per year and 
therefore are not required to be metered This makes it very difficult to estimate the total amount of 
groundwater being used. Similar to most aquifers there is also a level of uncertainty surrounding the 
actual water availability and what is a sustainable withdrawal from the groundwater as these are often 
difficult to accurately measure, this uncertainty is only exacerbated by the uncertainty in usage. The 
strategy quite rightly identifies this as a risk and considers it in all the ground water projects being 
assessed. 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
An objective of the strategy was to engage with every town (approximately 31 water supply schemes) 
in the region which led to a very large amount of community engagement being completed, with 
multiple engagement methods used. It was considered to be impossible to hold community forums in 
every town, and larger community forums are very expensive to hold at multiple stages of the decision 
making process, therefore Water Corporation used a five stage process to engage with the 
community during the creation of the draft strategy. Each stage used a different method of 
engagement. These stages were; community registrations, stakeholder briefings, community 
information displays and forums, online survey, and phone survey. Each of these is detailed in table 
6. 
As well as these methods of engagement to complete the draft strategy, Water Corporation also 
presented on the strategy at a national water conference and released the draft of the strategy for 
comment from both organisations and the public. The conference presentation was completed to 
inform the wider Australian water sector of the strategy and allow for Water Corporation to receive 
some informal feedback regarding their decision-making processes. Water Corporation received 14 
submissions from stakeholders and the public, which were used to inform the final strategy. 
The researchers have also noted that through each stage of engagement, Water Corporation 
identified the level of engagement required for that stage. This indicates that Water Corporation 
throughly planned the community engagement and considered what they want to achieve from each 
stage of engagement. 
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Table 6 – Stages of stakeholder and community engagement 
 
Method of Engagement 
Level of 
Engagement 
Number of participants 
reached 
Community 
registrations 
Mail out to inform customers 
ask if public want to register 
for future updates 
Inform 
21,000 received mail out 
251 registered for update 
Stakeholder 
Briefings 
Organisations including; 
Councils 
Environmental groups 
Aboriginal groups 
Other water service 
providers in the region 
Government regulators 
Members of the media 
Inform and consult 
43 Organisations 
contacted 
62 Briefings held 
Community 
information 
displays and 
forums 
Community information 
displays placed with staff in 
high traffic areas 
Inform 21 Displays 
Public forums, question and 
answer sessions  
Inform and consult 
2 Forums 
75 Attendees 
Public workshop to get a 
detailed understanding of 
community opinions 
Empower 
2 Workshops 
12 Attendees 
Online 
Surveys 
All customers directed to 
online survey 
Inform and consult 106 Responses 
Phone 
Surveys 
Consultant hired to cold call 
customers in region 
Inform and consult 400 responses 
AusWater 
Presentation 
Presented on the strategy at 
the yearly national water 
conference 
Inform 
58 Attendees from across 
the country 
Submissions 
on draft 
Draft strategy put out for 
comment from stakeholders 
and the public 
Consult 
9 Formal submission from 
stakeholders 
5 Informal submission 
from the public 
Water Corporation reflected that this engagement process was largely succesful in helping to 
understand community sentiment and gaining more public support for the strategy,but was also quite 
time consuming. The researchers believe that these positive outcomes occurred without the project 
team being drowned in responses, because Water Corporation understood exactly what they wanted 
to achieve and who they want to engage with at each stage of engagement, so they could tailor their 
method of engagement. Water Corporation believed that the phone survey, and the community 
engagement forums conducted on weekends, in places where people gathered, were particularly 
successful as they engaged with members of the community that otherwise would not have been 
engaged. 
Water Corporation noted that the community gave surprisingly strong support to recycled water, both 
for indirect and direct potable substitution. Because of this strong community support Water 
Corporation has outlined in this strategy that they will continue to investigate recycled water 
opportunities in the area. 
During many of these community engagment sessions Water Corporation presented an MCA, called 
the Sustainability Assessment, to the community to show that the social, environmental, and financial 
impacts were being considered and how each of the options being assessed impacted these aspects. 
Water Corporation considered this very succesful as it showed the community these considerations in 
a clear and concise manner. The Sustainability Assessment is discussed further in the Option 
Selection section. 
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OPTION IDENTIFICATION AND SHORTLISTING 
The project team assessed all options that were identified during the strategy, without any shortlisting 
process. The options to be assessed were divided into four different categories; demand reduction, 
increase water recycling (and stormwater harvesting), new water sources, and connecting towns. The 
majority of the options were identified through expert opinion of both the project team and Water 
Reference Panel. Some options were also identified through the engagement phase of the strategy, 
for example cloud seeding was identified by the public and revealed to have some public support 
during a community engagement forum. 
Water Corporation identified 13 different demand reduction options and 13 increase water recycling 
options that were investigated for each sub-region. Five connecting towns options were also identified 
and assessed as specific projects, but obviously these needed to be assessed as part of the two sub-
regions that were being impacted. New water source options were identified and assessed as specific 
projects for each of the sub-regions, the number of these options identified is shown in table 7.  
Table 7 – Water resources in each of the sub-regions 
 
Water 
connections 
Annual per 
person 
water use 
Current 
water 
allocation / 
yield 
Current 
water use 
Estimated 
demand at 
2060 
New water 
sources 
identified 
 Number kL/y ML/y Number 
Towns on the 
Swan Coastal 
Plain 
20,960 163 10,620 7,860 21,470 14 
Warren-
Blackwood area 
5,120 134 3,205 1,490 2,370 6 
Margaret River-
Augusta area 
5,500 123 2,320 1,345 3,660 6 
Collie area 3,900 133 15,500 1,100 1,780 4 
Pemberton – 
Northcliffe – 
Quinninup area 
650 133 250 178 230 6 
Total 36,130 149 31,895 11,973 29,510 - 
TECHNICAL EVALUATION 
Water availability was calculated in two stages; first climate modelling completed by the CSIRO 
calculated the rainfall in the region and projected future rainfall reductions. The rainfall estimates were 
used to estimate future stream flow and applied to groundwater model to determine water availability. 
Sensitivity analysis was completed at each stage. 
Water demands were calculated using growth modelling provided by the state government which 
showed the residential and commercial growth, which were then multiplied by standard factors to 
predict water demands. The deficit between water demand and water yield then informed how many, 
and/or the size of the options, that would be required. 
The technical evaluation completed for each of the options was a relatively standard high level project 
assessment, and informed sub-regional water balances and cost estimates. 
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Figure 6 – Technical evaluation to determine the future water deficit 
OPTION SELECTION 
The option assessment process has used a simple multi-criteria assessment, with 15 secondary 
criteria divided into three primary criteria: Environmental, Social, and Economic, all weighted the 
same, and scored from 0 – 4 to calculate which options were most sustainable. Table 8 shows each 
of the criteria with a brief description of the criteria and the calculation method used. Figure 7 shows 
all the options and their sustainability assessment scores. It should be noted that Water Corporation 
also considered the quality of information that they were able to asses for each of the options, this is 
also shown in figure 7. 
In the researchers’ opinion a simple MCA with all criteria weighted the same would generally be 
considered not in-depth enough to properly inform the decision making of a strategy of this nature. 
However, as mentioned earlier, the aim of this MCA was as a community engagement tool and for 
these purposes transparency, clarity, and ease of understanding are more important than accuracy. 
Therefore the researchers believe that this MCA was appropriate for the intended purpose. 
  
Lachlan Guthrie – PhD Thesis 309
APPENDIX A7 – WATER FOREVER SOUTH WEST 
16  Water Research Australia Ltd – PhD Project 4504 
 
Table 8 – Sustainability assessment criteria 
Criteria Description Method 
Environmental 
Physical footprint Amount of land needed for the option 
Basic calculations 
Water yield/footprint 
Energy Intensity 
Amount of energy needed to produce water for this 
option 
Basic calculations 
Energy/Water yield 
Capacity to 
enhance the 
environment 
Option’s capacity to enhance the environment Expert Opinion 
Water 
Efficiency/Waste 
Management 
Hierarchy of waste management; 
• Avoidance; 
• Reuse; 
• Recycling; 
• Recovery of energy; 
• Treatment; 
• Containment; and 
• Disposal 
Expert Opinion 
Water Allocation 
Option's water source is supported by a department of 
Water Allocation Plan or Water Management Plan 
(WMP) 
Expert Opinion 
Social 
Community 
Preference 
Does the community want the option? 
Informed by the community engagement 
Qualitative Analysis 
Indigenous 
Heritage 
Option’s impact on indigenous heritage sites 
Informed by Register of Aboriginal Sites 
Expert Opinion 
Long Term 
Amenity/Lifestyle 
Value 
Option’s ability to enhance, maintain or reduce the 
social amenity/lifestyle 
Expert Opinion 
Empowers 
Customers 
How much personal ownership customers will have 
over the option? 
Expert Opinion 
Source Risk The safety of the water produced by the option Expert Opinion 
Economic 
Net Economic 
Cost to 
Community 
Cost per kilolitre of water yield 
Basic calculations 
$/water yield 
Complexity 
The degree of technical and/or regulatory complexity 
of implementing the option 
Expert Opinion 
Reliability 
Option’s reliability in terms of asset breakdown or 
water volumes or water savings 
Expert Opinion 
Rainfall 
Dependence 
Option’s dependence on rainfall Expert Opinion 
Flexibility and 
Adaptability to 
Changing 
Circumstances 
Option’s adaptability to climate change Expert Opinion 
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Figure 7 – Detailed Sustainability Assessment of water source options/initiatives 
GOVERNANCE, REGULATION AND FINANCING 
Because the implementation of the majority of the strategy’s recommendations will be triggered by 
growth, governance and financing arrangements have not yet been organised and regulatory 
approval has not yet been sought. For these reasons the Governance and Regulation, and Financing 
sections have been merged. 
As Water Corporation is the main water utility in the region, all the options put forward in the strategy 
are within their responsibilities. Therefore all options assessed are relatively straight forward in terms 
of governance as no third parties need to be involved in any major way. Regulatory and any other 
governance issues will need to be assessed in detail through an implementation planning process 
when triggered by a need for more water. Approval of this strategy was required to be provided by the 
Water Reference Panel. 
The strategy creation and all of the options put forward will be paid for entirely by Water Corporation. 
OUTCOMES 
The strategy has been approved by the Water Reference Panel, the Water Corporation board and 
has been endorsed by the Minister for Water. 
While the strategy has a brief implementation plan, it does not attempt to give a time frame for 
implementation for many projects suggesting that each option be triggered for further assessment 
when that demand and supply reach certain levels, with the plan to be reviewed and updated every 5 
– 10 years. This has removed the need for detailed assessments into infrastructure timing and 
negated most of the risks associated with growth, supply, and demand forecasts. The implementation 
plan however gives a more solid timeframe surrounding several initiatives, most notably setting 
targets of 25% water efficiency improvements and 30% recycling target state-wide (both by 2030), 
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arranging bulk water agreements between Aqwest and Busselton Water, and investigating the 
region’s groundwater resources (to be led by the Department of Water). 
Two of the options investigated during this strategy have been included in the Water Corporations 
four year budgetary estimates with approval given outside of this strategy. 
FINDINGS 
1. IWM planning takes a long time so it is good to start early 
In many of the project case studies created during this research program there is evidence of rushed 
planning caused by an immediate need for extra water. Often these projects were not informed by 
previous planning strategies and the resulting rushed planning achieved sub-optimal outcomes and 
decisions that were not properly justified. The researchers believe that completing initial planning, 
prior to the need for extra water, may result in better informed and more justified decisions, and 
therefore optimal planning outcomes. Therefore the researchers endorse the proactive and long-term 
nature of this strategy. 
2. Having project implementation triggered by increases in demand (or reduction in supply) 
greatly reduces demand and supply risks 
This strategy went into very little detail regarding the timing and implementation of certain options, but 
indicated that this planning would be completed closer to when it was needed as triggered by a water 
balance. This method of planning will reduce the chances of infrastructure being constructed and not 
used as intended, as it reduces risks associated with the uncertainty surrounding demand and supply. 
However, to use this method, planning needs to begin many years in advance, prior to an immediate 
need for water presenting itself and therefore requires a proactive planning approach. 
3. Multi-Criteria Assessments can be a good community engagement tool if they are designed 
with that purpose in mind 
Water Corporation created a simple MCA to be used as a community engagement tool. Often MCAs 
are very data intensive and difficult for members of the public to understand, but as it was targeted 
toward the public, the MCA used in this strategy was intentionally simple to understand and follow. 
Water Corporation used this tool with great success to quickly show the community that social, 
environmental, and financial impacts were being considered, and what those impacts might be. 
4. Planning community engagement is essential 
The researchers believe that the planning undertaken by Water Corporation for their community 
engagement is the most comprehensive of any case study investigated. As a result of this they were 
able to complete more community engagement than any other case study without leaving Water 
Corporation with a sense that they had wasted resources with too much engagement. One key part of 
their plan is that Water Corporation identified what level of engagement each engagement action 
would target and used this to inform how the results would be attained and how they would be 
integrated into the strategy. 
5. Non-integrated water supply planning is simpler than integrated planning therefore not all 
learnings are transferable 
The structural and regulatory environment that exists in Western Australia has resulted in less ability 
and less need to complete fully integrated water infrastructure planning compared with Victoria. Water 
Corporation and The Department of Water are the main players in the Western Australian water 
sector. The Department of Water is a regulatory body for water abstraction and is also responsible for 
drainage management plans. As a regulator, the Department of Water needs to provide fair and 
unbiased assessments in line with legislation, so they must have some form of separation from the 
supply planning, yet they are the lead player for drainage plans. This makes it difficult for Water 
Corporation to partner with multiple stakeholders for a true integrated water plan. Further, the state 
government through legislation requires Water Corporation to act in a commercial manner. Water 
Corporation follows a more tradition approach to water management and does not have the strategic 
responsibility of improving a broad spectrum of impacts to the entire community, to the extent that 
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Victorian water corporations do. Considering these factors, water planning does not have the ability or 
need to be as integrated as it does in Victoria. 
Overall the strategy is successful at meeting Water Corporations goals in regards to water supply in 
the region. The decision making in this strategy did not need to be justified to multiple potentially 
competing external stakeholders, for this reason a complex MCA was not required. In turn the process 
used in this strategy became less subjective and more transparent. 
However, the decision-making processes used would result in an unmanageable number of 
community opinions and options to be assessed, were it applied to an IWM strategy with a similar 
scope to what we see in Victoria. Further, the option selection and technical evaluation processes 
would also be far too simplistic to be able to accurately assess which options achieve the best 
community outcomes. 
6. There may be some benefit to be gained from completing a number of smaller scale 
strategies rather than one large-scale strategy 
Water Corporation noted that the scale of the strategy was very broad, including 31 water supply 
schemes in five sub-regions which meant that the strategy was a long process. As the 
recommendations of each of the sub-regions only had impact on other sub-regions if they were 
integrated, the researchers suggest that in future similar strategies might be better to complete as 
several different strategies, maybe one for each sub-region or scheme, to break up the strategy to 
make it easier to understand and follow. 
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Appendix A8 – Western Water’s Recycled Water 
Strategy 
 
 
Lead organisation Western Water 
Location North West of Melbourne 
Brief description 
Strategy to assess Western Water’s 
Recycled Water assets and 
recommends projects 
Technical Detail Low – Med Detail (3/10) 
Outcomes Analyse → Recommends options 
Approvers Intra-organisational 
Water services included One (Alternative water) 
Geographical size 3,000 km2 
Population impacted 154,000 people 
Interesting aspects of 
this case study 
Financing, Option assessment, 
Objectives 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
Lachlan Guthrie – PhD Thesis 314
APPENDIX A8 – WESTERN WATER’S RECYCLED WATER STRATEGY 
2  Water Research Australia Ltd – PhD Project 4504 
 
EXECUTIVE SUMMARY 
Prior to 2008 Western Water have developed and operated award winning recycled water schemes 
for two decades and were recognised within Victoria as a leader in recycled water reuse projects. In 
2008, towards the end of the millennium drought, they renewed their recycled water policy. This policy 
outlined an aspirational target of 100% beneficial use of recycled water by 2013. A strategy was then 
developed to assess their recycled water plants, establish principles for prioritising options and 
pricing, and determine how they would best meet their aspirational target. Western Water would try to 
achieve this goal by investigating willingness to pay, to ensure that each project proposed would be 
financially viable. The strategy is divided into sections according to Western Water’s seven recycled 
water plants (RWPs), and sought to determine projects to meet the reuse target.  
The strategy was completed to inform Western Water’s 2008 Water Plan submission, which required 
Western Water to submit cost and schedule estimates for all their proposed projects. This required 
high level project planning to enable cost estimates to be established. However the majority of the 
option selection was driven by expert opinion and tried to achieve the 100% target at lowest 
community cost and greatest community benefit. 
The majority of the projects proposed by Western Water were implemented but required a more 
detailed project planning and assessment. This strategy also includes a template for how these 
assessments should be completed. 
FINDINGS 
1. Having a clear strategy can make it easier to source grant funding and enables collaboration 
with other stakeholders 
When implementing this strategy Western Water received approximately 42% of the funding for the 
capital expenditure of projects through external sources, including from recycled water customers, 
developers, Councils and/or grants etc. The researchers consider this to be extremely high, 
considering that it was an internal strategy and only a small amount of stakeholder engagement was 
completed during the development of the Strategy. Western Water believes that they were able to 
receive this funding because they had a clear strategy complete with well-established project partners 
(typically landholders and/or Council), a willingness within the community to support projects (likely 
due to the millennium drought and associated water restrictions) and shovel-ready projects. When 
grants would open they would not have to rush to prepare submissions as they already had 
completed some pre-planning. Analysis of other case studies (Appendices A3, A4, and A5) has found 
that planning ahead can be valuable. This is another case where the value of pre-planning has been 
shown. The researchers believe that completing initial planning, prior to an immediate need, has 
resulted in better informed and more justified decisions, and therefore more optimal planning 
outcomes. 
2. Targets can make planning processes simpler but do not necessarily lead to best 
community outcomes 
The overarching goal of this strategy was to achieve the aspirational goal of 100% recycling. Western 
Water set the target of 100% reuse by 2013 in their recycled water policy written in the same year as 
this strategy. This target made option selection simpler as a cost efficiency model could be used to 
find the lowest community cost to meet this target, without having to investigate and compare the 
impacts of the options on other social and environmental impacts. This made option selection 
processes for strategy easier. However, it could be argued that pre-setting the target of a 100% reuse 
may have caused planners to lose sight of providing the best possible solution for the community 
across all impacts. In some circumstances it may be better for the community to not achieve this 
target, if the costs of meeting it outweigh the benefits. During implementation of the strategy this 
occurred several times and Western Water decided not to go ahead with the investment. The goal of 
100% reuse remains an aspirational goal. The researchers believe that targets should be set with 
caution and with the understanding that it may cause planners to lose sight of their main purpose, 
which is to achieve best community outcomes. 
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3. Long term planning requires more data and quantitative analysis 
Western Water noted that because of time constraints they were unable to complete much 
quantitative data analysis. Instead they relied on expert opinion. As a result, the strategy could only 
be planned for the short term, looking five years ahead. Researchers believe that if future strategies 
seek to take a longer term view, then a more quantitative analysis approach may be required. 
4. Financial assessments of recycled water projects should acknowledge wastewater 
treatment plant upgrade deferral benefits 
A key driver for this strategy was to reduce the need for plant upgrades by reducing the pressure put 
upon the plants to meet EPA discharge requirements. However the Financing section shows that 
each project, when implemented, needed to achieve full cost recovery using the tariffs submitted as 
part of the water plan. This cost recovery model places no value on the reduced need of plant 
upgrades when making decisions or an alternative base case which requires investment under a ‘do 
nothing’ scenario. The researchers note that in this circumstance Western Water was following the 
Essential Services Commission guidelines to create their tariff model. The researchers believe that 
future option selection should be strongly focused on reflecting the goals, values, or objectives of a 
strategy, in this case placing a higher value on reducing plant upgrade requirements. 
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WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision-making processes. As water projects and strategies become increasingly integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become more important and complex. This is due to more stakeholders, competing 
objectives, implicit non-market values and possible infrastructure options and combinations that are 
available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 
Review of IWCM options for Fyansford 
City of 
Melbourne 
Total Watermark Fitzroy gardens SWH project 
City West 
Water 
Footscray IWM Investigation Altona Recycled Water Project Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East 
Water 
Water Initiatives for 2050 Boneo Recycled Water Project 
Water 
Corporation 
Water Forever South West 
 
Western Water 
Recycled Water Strategy (2008 – 
2013) 
Toolern SWH project 
Yarra Valley 
Water 
Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
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HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper on this process has been published in 
Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of the case studies 
the researchers have recorded information on each of the planning components contained in blue 
boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and 
strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk 
management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and  the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling 
and design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine 
the preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by 
internal management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes 
Anything which comes after the determination of planning 
recommendations 
Lachlan Guthrie – PhD Thesis 318
APPENDIX A8 – WESTERN WATER’S RECYCLED WATER STRATEGY 
6  Water Research Australia Ltd – PhD Project 4504 
 
STRATEGY SCOPE DESCRIPTORS 
To understand and compare strategy case studies, a system of categorisation has been developed. 
The researchers have determined six different scope descriptors used to categorise each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in the 
strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types of outcomes has the strategy 
attempted to achieve from the hierarchy of 
outcomes 
Objective setting → 
Assessing options → 
Recommending opt. → 
Approving opt. 
Organisational 
Integration 
Did the strategy involve external approvers 
Either inter-
organisational or intra-
organisational 
Water services 
included 
Which water services were considered by the 
strategy (i.e. sewer, drainage, etc.) 
Names of considered 
services 
Geographical size 
The geographical area inside the scope of the 
strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
Western Water is the regional water corporation to the North West of Melbourne stretching from 
Sunbury in the East, to Bacchus Marsh in the West, and Lancefield in the North. Western Water 
manages the water and sewerage supply to all of the customers in the region including treatment, 
collection, and management of a number of water storages. The Western Water region is only 
connected to the Melbourne system via two potable water connections, which can provide water, if 
needed, at a greater cost than local supplies. These connections were made in 2007 as a result of the 
Millennium Drought and bulk water storages dropping to below 4% capacity. There is no sewerage 
connection to Melbourne. In the region there is also a relatively large amount of agriculture which 
requires a consistent fit-for-purpose water supply. These factors make the Western Water region 
appropriate for local water reuse. This strategy has been created to investigate options for recycled 
water projects in the time frame of 2008 – 2013 to coincide with the ESC water plan process. 
 
Figure 2 – Western Water’s region Location Map 
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Scope descriptors 
Width 
While benefits to other services have been assessed, recycled water is the only water service which 
was considered by this strategy. As the strategy covers the entire Western Water region (3,000 km
2
) 
their entire customer base of 154,000 (2013) people have been used to categorise this strategy. 
Depth 
The strategy goes into relatively low levels of technical depth, with brief project planning informed by a 
water balance as the main form of technical evaluation. The objective of this strategy to achieve 100% 
beneficial use of recycled water had already been set prior to the strategy. This strategy assessed 
and recommended options to be included in the Water Plan 2008 - 2013. However these options 
required more detailed project planning phases to be fully approved to best meet this target. This was 
an internal strategy, only requiring board approval. 
CONTEXT 
Background 
Since the 1980s Western Water has been a leader in recycled water in Melbourne. To maintain this 
reputation Western Water set an aspirational target of 100% recycled water reuse in their 2008 
recycled water policy. A key driver for this strategy was to meet this target. 
By the end of the drought Western Water recognised the problem of climate change and understood 
the importance of supplementing potable water supplies with alternative sources. This was particularly 
important because much of Western Water’s region is covered by a rain shadow, which causes the 
area to have low rainfall. 
The State Government has also recognised the importance of water security to both the Western 
Water region and the entire state, releasing several policies and strategies as their response to this 
challenge; 
 Securing Our Water Together, Victorian Government White Paper (2004) 
 Regional Action Plan (RAP) for the Western Water Region (2005) 
 Central Region Sustainable Water Strategy (CRSWS) (2006) 
 The Next Stage (2007) 
In May of 2008 Western Water’s board reviewed the recycled water policy to better reflect the 
government’s new position on water conservation and recycled water. By setting an aspirational 
target of 100% recycled water reuse Western Water’s new policy strongly supported the government’s 
aim of maximising the use of recycled water to augment the potable water system. 
Because of these government policies there was an expectation within Western Water that significant 
funding would be made available through grants. Recognising this, Western Water placed a high 
priority on having “shovel-ready” projects, to make it easier to obtain the grant funding. 
During 2008 Western Water was also preparing their Water Plan 2008 – 2013 submission. In order for 
projects to be included in the capital works program they need to be included in the Water Plan and 
meet the scrutiny of the community, the Essential Services Commission and State Government. 
A further driver for this strategy was limits imposed by Western Water’s recycled water releases 
according to their discharge license to inland waterways, enforced by the Environmental Protection 
Authority (EPA). While none of Western Water’s seven recycled water plants were under the 
immediate pressure of nearing their full license, any recycled water projects that would be cost 
comparative with a plant upgrade were strongly considered as part of this strategy. These projects 
would reduce the need for upgrading the plants to remain EPA compliant. 
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Figure 3 - Drivers for Western Water’s Recycled Water Strategy 
The recycled water policy set multiple objectives surrounding the themes of “Interact with the 
Customers”, “Deliver Sustainable Services”, and “Responsibly Manage”. Figure 4 shows the key 
objective for each of these themes.  
 
Figure 4 - Key themes and objectives of Recycled Water Policy 
Climate 
Change 
•Milenium Drought 
•Rain shadow over part of the region 
•Less future rainfall predicted due to climate change 
•Water storages dropping 
Government 
Policy and 
Grants 
•Government policy support of "fit-for-purpose" water 
•State government set a 20% water reuse target 
•Many government grants were expected to become available 
•Having "shovel-ready" projects increases the chance of recieving funding 
Western 
Water Policy 
•Reduce discharges to inland waterways if cost comparable to plant upgrades 
•Aspirational target of 100% beneficial use of recycled water by 2013 
•Promote integration in the community and mange risk appropriately 
•Strong focus on regional development outcomes, particular focus on willingness to 
pay and financial feasability 
Interact with the 
Customers 
•Encourage and 
promote integrated 
water management 
solutions when working 
with the community 
Deliver Sustainable 
Services 
•Aim for 100% beneficial 
use of recycled water 
supplies by 2013 
Responsibly 
Manage 
•Ensure that risks are 
made explicit, are 
understood, managed 
and accepted by the 
most appropriate 
stakeholders 
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Recycled water infrastructure 
Western Water has seven recycled water plants that were each assessed in detail during this 
strategy. Table 5 describes each of these plants. 
Table 5 - Details of Western Water’s seven RWP in 2008 
Recycled 
Water Plant Production and reuse Winter storage 
Bacchus 
Marsh 
Produces 802 ML of Class C water for 
fodder production, this is 100% of the 
inflows 
An extra 93 ML of winter storage is 
required to meet EPA guidelines 
Gisborne 
Produces 243 ML of Class B water 
73% is used under contract and via a 
standpipe, the rest is released into 
Jacksons Creek under an EPA License 
There is no winter storage 
Melton 
Produces both Class A and Class C water, 
100% of the 3,031 ML is reused. 
Class A is used in an urban dual reticulation 
system in Eynesbury and Class C water is 
used for fodder production. 
Is in need of a 450 ML winter storage 
upgrade to meet EPA requirements 
Riddells 
Creek 
100% of the 127 ML of Class C water is 
used for fodder production and open space 
irrigation 
Winter storage is large enough to 
meet requirements of the next 20 
years 
Romsey 
100% of the 303 ML of Class C water is 
used for fodder and turf production, and a 
standpipe 
Winter storage is large enough for 
current demands 
Sunbury 
1,226 ML of Class B water used for open 
space irrigation, horticulture, and a 
standpipe. 
954 ML of this is used, the rest is released  
into Jacksons Creek under an EPA License 
There is no winter storage 
Woodend 
228 ML of Class C water is produced for 
open space irrigation and agricultural 
irrigation. 
71 ML is used, with the remainder either 
being irrigated on Western Water’s Farm or 
released to Five Mile Creek under an EPA 
License. 
Winter storage needs a 111 ML 
upgrade to meet EPA requirements 
INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
This strategy was completed using Western Water’s standard project management mechanisms. The 
work was completed internally and then reporting to management. The board were required to 
approve the strategy which was achieved in 2008. 
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Figure 5 - Project team oversight 
The implementation of the strategy during the 2008 – 2013 period was overseen by a variety of 
internal stakeholders from multiple business units through the environment committee. During this 
period the strategy was reported on annually to board as a whole. However, board approval was 
sought for individual projects when there would be over 10ML of recycled water allocated or required 
under financial delegation rules. 
Risk management 
The strategy recommends that risks be identified and addressed during a more detailed project plan 
during implementation of each project. No detailed overarching risk assessment was completed 
during the creation of this strategy. 
Subsequent to the release of the strategy, Western Water completed more detailed risk assessment 
of all their recycled water schemes. Released in 2010, the Regional Environmental Improvement Plan 
(REIP) goes into great detail discussing the risk associated with recycled water schemes. The REIP 
also identifies where the responsibility for each risk lies, and includes a detailed management plan 
and incident procedure. 
STAKEHOLDER AND COMMUNITY ENGAGEMENT 
As this in an internal strategy, stakeholder and community engagement was not completed. However, 
the strategy recommended that during project planning phases community engagement would be 
extremely important and should be included in any project plan. This was in line with the recycled 
water policy. 
The researchers believe that this strategy was used as a stakeholder engagement tool during the 
2008 – 2013 period. Stakeholders were able to see that Western Water had a clear vision in regards 
to recycled water. Western Water noted that they believe this to be the reason that they were so 
successful in receiving many grants and contributions from other stakeholders. 
OPTION IDENTIFICATION AND SHORTLISTING, TECHNICAL 
EVALUATION, AND OPTION SELECTION 
This strategy was largely driven by expert opinion to identify, shortlist, and select each of the options 
put forward to meet the 100% recycling target at lowest community cost. The technical evaluation was 
relatively low in detail. Therefore the sections on Option Identification and Shortlisting, Technical 
Evaluation, and Option Shortlisting have been merged into one section of this case study. 
The process of assessing and planning for the projects put forward in this strategy can be broken into 
four stages. These four stages are shown in figure 6. The first three stages were completed during the 
strategy, with the guidelines created for the final stage of project planning 
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Figure 6 - Stages of assessing and planning of options 
Assessment of individual plants 
As part of the assessment of the recycled water network, Western Water needed to determine the 
recycled water demand that would need to be created through projects put forward by the strategy. 
Using sewerage forecasts Western Water was able to calculate the amount of recycled water that 
would be produced by each of the recycled water plants in the 2008 – 2013 period. To meet the 100% 
re-use target Western Water would need to create projects that would meet this demand. Normally 
water management strategies need to ensure supplies meet demand but this strategy needs to 
ensure that demands and the transfer infrastructure can meet the supply. 
Expected recycled water production from each plant is shown in table 6. 
Table 6 – Recycled water total production for each RWP 
RWP 
2008/09 2009/10 2010/11 2011/12 2012/13 
ML ML ML ML ML 
Melton 3,031 3,137 3,246 3,358 3,474 
Bacchus Marsh 802 834 867 901 937 
Sunbury 1,906 1,969 2,035 2,102 2,171 
Romsey 303 315 327 340 354 
Gisborne 363 376 390 404 418 
Riddells Creek 69 73 78 83 88 
Woodend 162 169 176 183 190 
Total 6,637 6,874 7,118 7,371 7,632 
Assessment of individual plants 
•Determined the supply of recycled water and therefore the 
demand the projects would have to produce to meet the re-use 
target 
Actions plans 
•Actions plans including recommended project put forward for each 
recycled water plant 
•Expert opinion to identify which projects would supply this demand 
at lowest community cost 
Water Plan submission 
•Scheduling and cost estimates need to be completed 
•Water tarifs  calculated by ESC formulae would be set through the 
water plan 
Project planning 
•Guidlines created to assist project planning processes  
•These had a strong focus on community engagement and included a 
MCA 
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Action plans 
Following the assessment of each of the recycled water plants, action plans were created for each of 
the plants to show how Western Water would best meet the target. The actions plans were a high 
level planning exercise to estimate the infrastructure and capital costs required to meet the targets. 
Each action plan first investigated the potential opportunities to increase the reuse of recycled water 
from that plant. Then, using expert opinion, options were decided upon that would meet the target at 
lowest community cost. Capital costs for each action plan were estimated to inform the Water Plan 
submission. 
Of the projects put forward in the action plans, the majority were new or extensions to existing 
irrigation schemes. However, there was a residential reuse scheme proposed in Melton South and a 
feasibility study required for a potential Sunbury Class A residential scheme. 
Western Water noted that recycled water demands are very difficult to predict. At the time of the 
strategy Western Water did not have any designated recycled water supply zone. This means that it is 
the prerogative of each customer to connect to the network or not. Demand is therefore not as closely 
correlated with population growth as it is with required services like sewerage and potable water 
supply. The action plans were created using best guess estimates of demand and therefore 
implementation scheduling was hard to predict 
Water Plan submission 
As part of the Water Plan submission Western Water needed to submit yearly budgets as well as 
recycled water tariffs. Using the action plans each project was allocated to a year according to priority. 
This resulted in a schedule of works and capital expenditure. Table 7 shows each of the 
recommended infrastructure projects and schemes in the action plans. Table 7 also shows their 
timings and approximate capital expense which were informed by the action plans. 
Table 7 – Capex expenditure for each project in each year of the Water Plan 
(all figures in $‘000 2007) 
Project 2008/09 2009/10 2010/11 2011/12 2012/13 
Bacchus Marsh Travelling Irrigator  0 0 103 0 0 
Gisborne Scheme Extension Stage 1 500 0 0 0 0 
Gisborne Scheme Extension Stage 2 0 0 0 200 2800 
Melton South Scheme   200 1,000 1,100 1,475 1,200 
Melton Storage Lagoon   0 50 0 1000 0 
Riddells Creek Scheme Stage 1 445 0 0 0 0 
Riddells Creek Scheme Extension 
Stage 2 
0 0 0 30 520 
Romsey Scheme    205 205 0 0 0 
Sunbury Class A Feasibility Study 0 0 50 0 0 
Woodend Scheme Extension Stage 2 0 0 480 0 0 
Network augmentation for schemes  100 100 100 100 100 
Each project put forward needed to achieve full cost recovery and therefore would require water 
tariffs. The tariffs would need to be also included in the Water Plan submission. The tariffs were 
calculated by Western Water using standard ESC formulae to achieve full cost recovery. These 
charges have been shown in Table 8. 
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Table 8 – Recycled Water charges in 2008 (increasing each year of the water plan) 
Recycled Water Class 
Up front 
charge 
Access 
charge Usage charge 
Class A $550/Lot $67.02/year $996.60/ML 
Class B & C – peak Nov to Mar $600/ML $521.20/year $321.70/ML 
Class B & C - off peak Apr to 
Oct 
$600/ML $521.20/year $203.07/ML 
Standpipe - Class A $0 $5.72/day $996.60/ML 
Standpipe - Class B & C $0 $5.72/day $333.00/ML 
The Water Plan submission was ultimately approved by the ESC and State Government. This meant 
that the projects could now be included in the capital program and the tariffs could be charged to 
customers. 
Future project planning guidelines 
After the strategy, each project required its own more detailed analysis and planning. Included in the 
strategy was guidance as to how this would need to be completed. Each new project would need to 
have an extensive risk assessment completed, engage well with the community, and include a multi-
criteria assessment (MCA). Risk assessment and community engagement were considered standard 
practice of Western Water’s project managers and did not require any particular guidance. The 
strategy did provide some guidance as to how to complete an MCA and what it should consider. 
Figure 7 is an extract from the strategy showing an MCA used as an example to guide future project 
planning. 
 
Figure 7 - Example of an MCA as provided in the strategy 
 
GOVERNANCE AND REGULATION 
As this in an internal strategy, only the Western Water board needed to approve recommendation of 
the strategy. The Water Plan submission required the capital program and the tariffs to be approved 
by the ESC. 
Projects would still require some approval from the environmental and health regulators. These 
approvals were to be sought during each project’s planning. The Victorian Building Commission 
(previously known as the Plumbing Industry Commission) was also involved in the Melton South 
Class A recycled water scheme. As the majority of the projects would be owned and operated by 
Western Water, the governance arrangements were not expected to be difficult to arrange. 
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FINANCING 
The development of the Recycled Water Strategy was paid for entirely by Western Water, with no 
external funders. 
All the recommendations in the strategy have had their capital expenditure costed and accounted for 
in the five year water plan, to be paid for by Western Water. Each project proposed needed to achieve 
full cost recovery, taking reductions in capital expenditure from grants into consideration. 
Part of Western Water’s water plan submission included prices of reticulated Class A recycled water 
connections and a tariff for water costs. These prices have been devised to achieve 100% cost 
recovery of the new schemes that are implemented. These charges were set using standard ESC 
pricing formulas and approved by the ESC for the 2008 – 2013 water plan. These charges have been 
shown in Table 8. 
OUTCOMES 
The majority of the projects put forward in this strategy have been implemented and are shown in 
Table 9 s 
Project Completed 
Bacchus Marsh Travelling Irrigator  Yes 
Gisborne Scheme Extension Stage 1 Yes 
Gisborne Scheme Extension Stage 2 Yes 
Melton South Scheme   Yes 
Melton Storage Lagoon   No 
Riddells Creek Scheme Stage 1 Yes 
Riddells Creek Scheme Extension Stage 2 No 
Romsey Scheme    Yes 
Sunbury Class A Feasibility Study Yes 
Woodend Scheme Extension Stage 2 No 
Network augmentation for schemes  Yes 
During the 2008 – 2013 period $10M was spent by Western Water on recycled water infrastructure. 
Of this money Western Water contributed $5.8M. Western Water received $2.8M in grant funding 
from state and federal government and $1.4M from other stakeholders. Western Water noted that 
they were able to receive these contributions from grants and other stakeholders a lot easier by 
having a clear plan and vision for their recycled water system. The researchers believe the ability to 
draw funding from multiple sources to be the most beneficial aspect of the strategy. 
After the Office of Living Victoria was formed in 2012, IWM strategies became a key priority of 
Victorian water authorities. The Recycled Water strategy became incorporated into a more holistic 
IWM strategy. As such, the recycled water strategy has not been updated and is no longer presented 
to board. 
FINDINGS 
1. Having a clear strategy can make it easier to source grant funding and enables collaboration 
with other stakeholders 
When implementing this strategy Western Water received approximately 42% of the funding for the 
Capital Expenditure of projects through external sources, including from recycled water customers, 
developers, Councils and/or grants etc. The researchers consider this to be extremely high when 
considering that it was an internal strategy and only a small amount of stakeholder engagement was 
completed during the development of the Strategy. Western Water believes that they were able to  
Lachlan Guthrie – PhD Thesis 328
APPENDIX A8 – WESTERN WATER’S RECYCLED WATER STRATEGY 
16  Water Research Australia Ltd – PhD Project 4504 
 
receive this funding because they had a clear strategy complete with well-established project partners 
(typically landholders and/or Council), a willingness within the community to support projects (likely 
due to the millennium drought and associated water restrictions) and shovel-ready projects. When 
grants would open they would not have to rush to prepare submissions as they already had 
completed some pre-planning. Analysis of other case studies (Appendices A3, A4, and A5) has found 
that planning ahead can be valuable. This is another example where the value of pre-planning has 
been shown. The researchers believe that completing initial planning, prior to an immediate need, has 
resulted in better informed and more justified decisions, and therefore more optimal planning 
outcomes. 
 2. Targets can make planning processes simpler but do not necessarily lead to best 
community outcomes 
The overarching goal of this strategy was to achieve the aspirational goal of 100% recycling. Western 
Water set the target of 100% reuse by 2013 in their recycled water policy written in the same year as 
this strategy. This target made option selection simpler as a cost efficiency model could be used to 
find the lowest community cost to meet this target, without having to investigate and compare the 
impacts of the options on other social and environmental impacts. This made option selection 
processes for strategy easier. However, it could be argued that pre-setting the target of a 100% reuse 
may have caused planners to lose sight of providing the best possible solution for the community 
across all impacts. In some circumstances it may be better for the community to not achieve this 
target, if the costs of meeting it outweigh the benefits. During implementation of the strategy this 
occurred several times and Western Water decided not to go ahead with the investment. The goal of 
100% reuse remains an aspirational goal. The researchers believe that targets should be set with 
caution and with the understanding that it may cause planners to lose sight of their main purpose, 
which is to achieve best community outcomes. 
3. Long term planning requires more data and quantitative analysis 
Western Water noted that due to time constraints they were unable to complete much quantitative 
data analysis. Instead they relied on expert opinion. As a result the strategy could only be planned for 
the short term, looking five years ahead. Researchers believe that if future strategies seek to take a 
longer term view, then a more quantitative analysis approach may be required. 
4. Financial assessments of recycled water projects should acknowledge wastewater 
treatment plant upgrade deferral benefits 
A key driver for this strategy was to reduce the need for plant upgrades by reducing the pressure put 
upon the plants to meet EPA discharge requirements. However the Financing section shows that 
each project when implemented needed to achieve full cost recovery using the tariffs submitted as 
part of the water plan. This cost recovery model places no value on the reduced need of plant 
upgrades when making decisions or an alternative base case which requires investment under a ‘do 
nothing’ scenario. The researchers note that in this circumstance Western Water was following the 
Essential Services Commission guidelines to create their tariff model. The researchers believe that 
future option selection should be strongly focused on reflecting the goals, values, or objectives of a 
strategy, in this case placing a higher value on reducing plant upgrade requirements. 
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Appendix A9 – Northern Growth Area IWCM Plan 
 
 
Lead organisation Yarra Valley Water 
Location Northern Growth Area of Melbourne 
Brief description 
Yarra Valley Water and Melbourne 
Water’s IWM strategy for the 
greenfield development in 
Melbourne’s North 
Technical Detail High detail (8/10) 
Outcomes Analyse and Recommend options 
Approvers Internal Approvers 
Water services included 
All (Water, sewerage, drainage & 
alternative water) 
Geographical size 163 km2 
Population impacted 380,000 people 
Interesting aspects of 
this case study 
Stakeholder engagement, Option 
selection, Technical evaluation 
 
 
 
Authors: Lachlan Guthrie, Casey Furlong, Saman De Silva  
RMIT University   
Table 1 – Case study information 
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9. EXECUTIVE SUMMARY 
The Northern Growth Area Integrated Water Cycle Management Plan was created jointly by 
Melbourne Water and Yarra Valley Water to plan for new growth in the expanded Urban Growth 
Boundary to Melbourne’s North. The strategy determined a preferred option by finding the community 
benefit of five possible options through a ratio of net present value to multi-criteria assessment (MCA) 
score. Many other organisations were invited to provide input into the assessment, but only the Yarra 
Valley Water board was required to approve the completed strategy. 
Findings 
1. To improve chances of strategy implementation, stakeholders should be engaged with at 
regular intervals during strategy development 
While a Stakeholder Reference Group (SRG) is a good way to engage with multiple stakeholders 
without expending unnecessary resources, the researchers believe that a single stakeholder 
workshop, as the main form of engagement, is largely inadequate. The SRG was engaged at two 
points of the planning, at an initial stakeholder workshop and then to comment on the draft 
recommendations. This leaves a large gap in the communication between the project team and the 
stakeholders, which resulted in the stakeholders being unhappy with the direction of the strategy and 
required more modelling after draft recommendations had been made. As has been shown in other 
case studies, project teams need to be in regular contact with SRGs in order to keep them on board 
throughout the process. Some SRG members may have been left feeling that the engagement was 
disingenuous, resulting in negative outcomes from the engagement and a lack of support for strategy 
implementation. While it appears there should have been greater engagement during this strategy, 
the researchers believe it is important to note that the level and type of engagement should be 
appropriate and reasonable as there can also be negative consequences of too much engagement. 
2. Technical evaluations only answer the questions asked of them, they must be 1) preceded 
by a strong understanding and 2) extensively overseen 
Another interesting point regarding this case study is that while it was relatively technically detailed, in 
comparison with other strategies, a large amount of modelling needed to be redone. During this case 
study a lot of “engineering work” was completed and audited to prove it was correct, but this was still 
not accepted by stakeholders, in part because they had not been adequately consulted during the 
preceding work. The researchers believe that this may have been picked up if the strategy had 
greater oversight. 
This is discussed further in the findings on page 18. 
3. Simple MCAs with clear baselines work best as they are more transparent 
The researchers believe that the MCA used in this strategy was quite well considered as it used 
simple and transparent criteria scoring and weighting equations. The method by which criteria were 
given raw scores from 0 – 100 was simple, easy to follow, and therefore transparent. Following these 
raw scores, the manner in which they were weighted was straight forward and easy to follow. It is the 
researcher’s opinion that in other strategies these calculations have been unnecessarily complicated. 
4. Dividing an MCA score by financial cost results in a cost-benefit ratio and creates an 
assessment which can fairly compare options of different scales 
The MCA used in this strategy results in a benefit-cost ratio, which researchers believe to be an 
accurate way to determine the preferred option. Other methods can favour large infrastructure options 
as they have higher benefits which are often weighted higher than cost. 
This is discussed further in the findings on page 19. 
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5. Cost apportionment should be considered in collaboration with stakeholders as part of the 
strategy development process to ensure recommendations are implementable 
One of the reasons this strategy was never endorsed by the stakeholder reference group was that 
there was no apportionment of costs/responsibilities to stakeholders. The researchers believe that 
future strategies should include the consideration of cost apportionment in order to be implementable. 
6. Level of engagement with each stakeholder should be proportionate to implementation 
responsibilities 
There was little representation in stakeholder meetings from private developers, even though they 
would likely be responsible for implementing many of the recommendations. Future strategies should 
ensure that all stakeholders responsible for implementation are engaged with as part of strategy 
development. 
This is discussed further in the findings on page 20. 
  
Lachlan Guthrie – PhD Thesis 332
APPENDIX A9 – NORTHERN GROWTH AREA IWCM PLAN 
4  Water Research Australia Ltd – PhD Project 4504 
 
WIDER RESEARCH PROGRAM - IMPROVING PLANNING 
PROCESSES FOR IUWM INFRASTRUCTURE 
The number of ”integrated” water projects and strategies across Australia is steadily growing; however 
there are gaps in knowledge surrounding the most effective way to manage their planning and 
decision-making processes. As water projects and strategies become increasing integrated, in terms 
of interactions between different water services, functions, and organisations, the planning processes 
for these become increasingly important and complex. This is due to increasing numbers of 
stakeholders, competing objectives, implicit non-market values and possible infrastructure options and 
combinations that are available.  
RMIT University is working with Water Research Australia and Melbourne Water to investigate ways 
to improve the planning processes for Integrated Urban Water Management (IUWM) infrastructure at 
the strategy creation and physical project level. This study has divided the overall planning process 
into a generic list of planning components referred to here as a “planning framework” shown on the 
following page, collected information on a variety of real-world case studies, analysed and compared 
the differing approaches that have been used, and created guidelines to assist future planning efforts. 
In this research a conceptual distinction has been made between; planning for “IUWM projects”, here 
meaning planning for discrete physical infrastructure assets which may or may not have been advised 
by a strategy, and planning for “IUWM strategies”, here meaning mid to long term strategies which are 
used to inform infrastructure portfolios for specified geographical areas.  
The research objectives are to (1) understand the current and historical water infrastructure planning 
context, (2) catalogue and compare differing planning processes to determine which techniques are 
more effective, and (3) provide a platform from which future water infrastructure planning processes 
can be conducted in an informed manner. 
This case study report is one of 16. These case studies were selected together with water industry 
experts and are shown in Table 2. 
 
Table 2 – Case studies utilised in research program 
Organisation IUWM strategies IUWM infrastructure projects 
Barwon Water 
Towards a Botanic Colac 
 Review of IWCM options for Fyansford 
City of Melbourne Total Watermark Fitzroy gardens SWH project 
City West Water Footscray IWM Investigation 
Altona Recycled Water Project 
Stage 2 
Private 
 
Coldstream RW project 
SA Water 
SA Water’s Long Term Plan for Eyre 
Region 
 
South East Water Water Initiatives for 2050 Boneo Recycled Water Project 
Water Corporation Water Forever South West 
 
Western Water Recycled Water Strategy Toolern SWH project 
Yarra Valley Water Northern Growth Area IWCM Plan 
Coburg SWH project 
Kalkallo SWH project 
 
  
Lachlan Guthrie – PhD Thesis 333
IMPROVING PLANNING PROCESSES FOR IUWM INFRASTRUCTURE 
Water Research Australia Ltd – PhD Project 4504  5 
 
HOW TO READ THIS CASE STUDY 
The researchers have developed an infrastructure planning framework to assist in the analysis of the 
case studies as shown below in Figure 1. A journal paper has been written on this process and has 
been published in Utilities Policy journal (Furlong, De Silva, Guthrie, & Considine, 2016). For each of 
the case studies the researchers have recorded information on each of the planning components 
contained in blue boxes. 
Figure 1 – Infrastructure planning framework developed to assist in case study analysis 
Each case study begins with an introduction, followed by the details on planning, and then concludes 
with the findings which the researchers have extracted from the case study. Definitions and scopes of 
the planning components are shown below in Table 3. Contents of case studies have been approved 
by the lead organisations, although the findings are the opinions of the authors. 
Table 3 - Meaning and included concepts of planning components 
Planning Component Meaning and included concepts 
Context 
Anything which precedes the planning process, including political, 
environmental, and economic contexts, and preceding plans and strategies 
Integrated project 
management 
Project team functioning, management and reporting, and risk management 
Community & 
stakeholder 
engagement 
Engagement with external stakeholder organisations and the broader 
community 
Option identification 
and shortlisting 
Identification of initial options and shortlisting prior to detailed analysis 
Technical evaluation 
Collection and analysis of technical information, including modelling and 
design, to provide data to inform the option selection stage 
Option selection 
Assessment, ranking, and/or scoring of options in order to determine the 
preferred option and planning recommendations 
Governance and 
regulation 
Analysis, review, and approval of planning recommendations by internal 
management and relevant external regulators 
Financing Financing arrangements (internal funding, cost sharing and/or grants) 
Outcomes Anything which comes after the determination of planning recommendations 
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STRATEGY SCOPE DESCRIPTORS 
In order to understand and compare strategy case studies a system of categorisation has been 
developed. The researchers have determined six different scope descriptors to be used to categorise 
each strategy.  
Table 4 – Strategy scope descriptors 
Descriptor Explanation Measure 
Detail 
The level of technical detail involved in 
the strategy 
A score from 1 - 10 
Scope of 
outcomes 
Which types outcomes has the strategy 
attempted to achieve from the hierarchy 
of outcomes 
Objective setting → Target Setting 
→ Assessing options → 
Recommending opt. → Approving 
opt. 
Organisational 
Integration 
Did the strategy involve external 
approvers 
Either inter-organisational or intra-
organisational 
Water services 
included 
Which water services were considered 
by the strategy (i.e. sewer, drainage, 
etc.) 
Names of considered services 
Geographical 
size 
The geographical area inside the scope 
of the strategy 
km2 
Population 
impacted 
Population impacted by the strategy Number of people 
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INTRODUCTION 
In 2010 the Victorian State government decided to extend Melbourne’s Urban Growth boundary, 
creating growth areas in the West, North, and South East. This expansion would cater for Melbourne’s 
growing population which is expected to reach 5 Million by 2030. The strategy investigated by this 
case study looks specifically into the Northern Growth Area (NGA) which has water and sewerage 
services supplied by Yarra Valley Water (YVW), and is expected to become home to 380,000 people. 
The NGA IWCM Plan looks into all aspects of the water cycle to understand the best way to service 
the water needs of this incoming community. 
Although this case study is an IWM strategy and looks to recommend an option that will achieve best 
community outcomes, YVW is the lead organisation and they are only responsible for sewerage and 
water supply. For this reason, there was an increased organisational focus on water and sewerage 
infrastructure. 
 
Figure 2 - Map of the Northern Growth Area 
Scope descriptors 
Width 
The NGA is 163 km
2
 in size and is expected to include 145,000 residents lots when the developments 
are completed, using the factor of 2.6 people per household (profile.id, 2015) this equates to 
approximately 380,000 total residents. This strategy investigated all aspects of the water cycle. 
Depth 
This strategy has used multiple models, in-depth project planning, and a moderately in-depth MCA for 
each of the five options investigated, so for these reasons it has been rated an 8/10 in terms of 
technical detail. With objectives already set prior to this strategy, options have been assessed and a 
preferred option recommended, however there is little implementation planning and agreements to 
implement the recommendations have not been completed. While the strategy involved both YVW 
and Melbourne Water as leading organisations, other stakeholders were not required to approve it, 
therefore this strategy has been considered as internally approved. 
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CONTEXT 
Background 
Melbourne’s Urban Growth Boundary (UGB) sets development limits to the suburban expansion of 
Melbourne. The Melbourne @ 5 Million report released by the state government in 2008 
recommended expanding Melbourne’s urban growth boundary to accommodate more homes and 
therefore more residents. In 2010 the UGB was expanded on the Northern side of Melbourne, this 
expansion area is known as the Northern Growth Area (NGA) and will require a large amount of new 
infrastructure to service the water demands of the new community. 
The NGA includes a total of 163 km
2
 and as would be expected, currently has a low population 
density. It is expected that over time the NGA will grow to include 380,000 residential lots and 1,050 
ha of employment area.  
 
Figure 3 - NGA IWM plan drivers 
 
Assets 
As it is a typical Greenfield development site, there is currently very little water infrastructure in the 
NGA. New reticulation networks will need to be created as well as transfer networks. 
Melbourne has two large centralised sewerage treatment plants, the Eastern and Western Treatment 
Plants, and the NGA is approximately 60 km from either of these plants. For the NGA to utilise 
Melbourne’s existing centralised sewerage system plants, large and expensive upgrade to transfer 
sewers would be required. A key driver for this strategy was to investigate whether one particularly 
costly sewerage transfer pipeline upgrade could be avoided. 
Growth 
• Melbourne @ 5 Million Report 
• Expansion of the UGB 
Distance from 
centralised 
infrastructure 
• Geographically isolated from centralised infrastructure 
• Wanting to avoid expensive sewerage transfer main 
• High costs of new and upgrade required 
• Key driver for water neutral development 
Push for IWM 
• Push towards water sensitive cities 
• Government push towards "fit-for-purpose" water 
• High value ecosystems need protecting 
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Melbourne also has a centralised water supply system, with the major water supply catchments 
situated towards the East and North-East of the city, and generally flowing by gravity towards the 
CBD. This means that supplying water to the NGA in the traditional manner is more costly and carbon 
intensive than supplying to many other areas of Melbourne. 
Because of the distance from existing infrastructure, there was a strong focus in the NGA strategy to 
reuse as much locally produced recycled water as possible, providing cost savings for both the sewer 
and water supply systems.  
While this strategy was being planned the state government has also mandated 6 star housing 
requiring either a rain water tank or a solar hot water system to be installed on each new house. YVW 
recognised that there was an opportunity to change these restrictions to mandate all houses to have a 
rain water tanks and/or water saving appliances, if this could be justified for environmental reason. As 
is shown by options selected, both of these have been investigated. 
Environmental 
There are two major waterways in the NGA, the Merri and Kalkallo creeks, which are both considered 
to be of high ecological value. Also, this area is home to the endangered Growling Grass Frog. 
Therefore environmental factors, including protecting these waterways, were considered a high 
priority of the strategy. 
Political 
The political context of this strategy can be divided into two categories; 
 The growth focus of the government as discussed earlier with the expansion of the UGB 
 The strong push for fit-for-purpose water following the millennium drought, which manifested 
itself as a strong governmental push towards potable water substitution through recycled 
water. This period in time following the drought is often referred to as the “golden age of 
recycled water” 
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INTEGRATED PROJECT MANAGEMENT 
Project team functioning and oversight  
Largely this strategy was treated as a normal project in terms of project management, with oversight 
from management when approval was needed for funding. The project team included people from 
YVW, Melbourne Water, and consultants and they communicated to the stakeholder reference group 
(SRG) firstly through a stakeholder workshop and then by circulating the draft report for comment. 
This engagement is discussed further in the stakeholder and community engagement section. 
 
Figure 4 – Project team functioning and oversight 
Risk management 
As options were assessed in how water was used and sourced for each individual household, 
demand and supply risks were not taken into account. It was assumed that there would be surplus 
recycled water from the NGA and any non-potable uses would have potable backup. 
Because options have not been locked into place with timings, there is very little risk surrounding slow 
growth rates and only relativity standard technologies were considered in this strategy so it was 
considered that there were no technical risks. However, some of the options proposed rain gardens 
constructed into all of the houses to improve the environmental outcomes related to storm water 
discharges. Rain gardens are a relatively standard practice for managing municipal run-off; however 
they have not previously been mandated for residential properties in Victoria. This poses a significant 
risk as it is largely untested and therefore completely unknown how well residents will maintain rain 
gardens on their properties.  
Some of the options also included the mandating of rainwater tanks. Previous investigations into 
maintenance of rainwater tanks show that they are often not properly maintained and therefore do not 
operate as designed. Without evidence to the contrary one could assume that rain gardens would 
suffer a similar fate and have reduced environmental benefits. While members of the SRG and project 
team raised strong concerns over these risks, in the opinion of the researchers they have not been 
fully recognised as the recommended option is assessed with the assumption of large rain gardens 
operating in ideal conditions, which may not actually be achievable. 
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STAKEHOLDER AND COMMUNITY ENGAGEMENT 
As the NGA is a largely undeveloped greenfield area it is not possible to engage with local 
residentsand because of this the planners have used the City Of Whittlesea as a proxy for the 
community. 
The main form of stakeholder engagement that occurred during this strategy was as part of a 
stakeholder reference group (SRG). The SRG was engaged at two stages in the process, an initial 
workshop and reviewing the draft report. As part of the initial workshop, the SRG was used to create 
the criteria and weightings to be used in the MCA and helped the project team develop the initial 
options to be assessed.  
Stakeholders included in the SRG came from a diverse range of public and academic organisations. 
Each stakeholder was invited for their opinions to be used when forming the weightings to be applied 
during the multi-criteria assessment in the option selection phase of the strategy. 
Following the initial workshop there was an understanding that rainwater tanks would be included in 
the recommended option. However in the second round of engagement it became clear that this was 
not the case, rainwater tanks were removed by the project team during analysis, which caused some 
confusion and disgruntlement in some members of the SRG. Because of this, further stormwater 
modelling and a full audit of the entire decision making process was commissioned by other members 
of the SRG, which delayed the approval of the strategy. This strategy has since been absorbed into 
the Water Future North (WFN) strategy, which covers a larger region than this strategy. It is still not 
clear if rain water tanks will be included in the final recommendations of the WFN strategy. This will be 
discussed further in the outcomes section. 
The researchers’ opinion is that the lack of ongoing and coordinated engagement with stakeholders 
was a major reason why the recommendations of this strategy were not implemented and the 
direction of water infrastructure planning in this area has not been agreed upon. Further, in many of 
the options put forward, including the preferred option, developers would be responsible for a 
significant proportion of the capital expenditure, either in the form of rain gardens, rain water tanks, or 
residential third pipe reticulation. The researchers note that not including more developers on the 
SRG may have been a potential oversight as it is difficult to obtain agreement from a major funding 
party if they are not involved at multiple stages of the planning. 
Stakeholders 
Table 5 below shows each of the identified stakeholders and who voted for the MCA weightings. As is 
shown, there is significant representation of environment and stormwater related stakeholders 
compared with private developers. 
 
Table 5 - Stakeholder Group Representative  
Stakeholder Group Representative 
Council representatives Two members from the City Of Whittlesea 
Developers VicUrban chosen to represent developers 
Government representatives Two members from the DSE 
Marine environment experts Department of Primary Industry 
Surface and groundwater experts Two experts from Universities 
Water retailer representatives Three members from Yarra Valley Water 
Water wholesaler representatives Three members from Melbourne Water 
Water supply and demand strategy One member heavily involved in the WSDS 
Observer Unbiased observer for City West Water 
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OPTION IDENTIFICATION AND SHORTLISTING 
Using expert opinion the project team looked at a broad range of options, covering everything on a 
spectrum of what could be feasible and picking several points along the way to ensure that no 
potential option was missed in their shortlisted of five options. The options that were considered at the 
household scale providing a water balance for each option, with expected demands and sources for 
potable and non-potable water and how much and where sewage will go. Efficient fittings were also 
considered as part of the six star homes, so demands and effluent flows are not the same across all 
options. 
For the analysis, a base case has been selected as one of the options, but this base case, option five 
only includes a five star home and therefore could be unrealistic with expected legislation changes. 
Table 6 - Characteristics of the shortlisted options 
Aspect Option 1 Option 2 Option 3 Option 4 Option 5 
Home 
Standards 
6 Star Homes 5 Star Homes 5 Star Homes 6 Star Homes 5 Star Homes  
Rainwater 
Tanks 
RWT on each 
property 
No RWT No RWT 
RWT on each 
property 
30% of homes 
have RWT 
Stormwater  
Stormwater 
treatment & 
retention 
Stormwater 
treatment 
Stormwater 
treatment & 
retention 
Stormwater 
treatment & 
retention 
Stormwater 
treatment 
Sewerage 
Sewer flows to 
the metro 
system 
Local 
treatment plant 
Local 
treatment plant 
Local 
treatment plant 
Sewer flows to 
the metro 
system 
Recycled 
Water 
No RW supply 
Third pipe RW 
supply 
Third pipe RW 
supply 
Third pipe RW 
supply 
No RW supply 
TECHNICAL EVALUATION 
Modelling was completed of the sewer, potable water, and recycled water transfer networks using the 
standard modelling tools InfoWorks and H2O Map. Only the transfer networks into and out of the NGA 
were modelled to discover where upgrades and new transfer infrastructure would be required. The 
reticulation networks inside of the NGA would be constructed in a standard process, and so was not 
covered in this strategy. While initial modelling showed that it may be possible to avoid upgrading the 
existing sewerage transfer main, further modelling commissioned as part of the WFN strategy has 
shown initial storage requirements may have been largely underestimated and when considering the 
cost of the enlarged storage facilities, it may be very cost prohibitive to avoid the sewerage transfer 
main upgrade. 
The modelling tool MUSIC was used to model the stormwater inside the NGA. MUSIC allows planners 
to review the estimated flows and yearly quantities of both stormwater and nutrients at each node of 
the drainage network. Following this initial modelling, more MUSIC modelling was requested by the 
SRG to attempt to determine the true environmental benefits of the strategy. 
The growth and land use forecasts that informed the calculation of the demands and supplies of 
potable water, sewerage, and stormwater using standard factors, were provided by the Victoria in the 
Future strategy released in 2012.  
Greenhouse gases were estimated using standard factors however greenhouse gases and climate 
change were not considered as part of the multi-criteria assessment. Standard tariffs were used to 
estimate revenues and standard project costing processes were used to estimate costs to find the net 
present value. 
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OPTION SELECTION 
The option selection process of this strategy utilised a community value ratio, calculated from the Net 
Present Cost (NPC) divided by a score determined by multi-criteria assessment (MCA) this process 
was completed for each option, then options were compared. Seven sub-measures were used in the 
MCA and the weightings were informed by expert opinion comparing the importance of each sub-
measure. 
Sensitivity analysis was completed as part of the MCA, with different weightings allocated according 
to differing methods of analysing stakeholder responses giving each option a high, low, and average 
score for both the MCA score and the community value ratio. 
1.1 Multi-Criteria Assessment 
Figure 5 explains how the MCA functioned to find the community value score. 
 
Figure 5 - Multi-Criteria Assessment Flow Diagram 
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Sub-measure Scores 
The sub-measures that were to be used in the MCA were to only be criteria that were difficult to value 
financially. Measures that were easy to financially quantify were included in the NPC analysis. The 
sub-measures that were considered in the MCA are listed below; 
 Potable water consumption 
 Nitrogen discharged to the Port Phillip Bay 
 Suspended solids discharged to the waterway 
 Nitrogen discharged to the waterway 
 Phosphorous discharged to the waterway 
 Stormwater runoff frequency to the waterway 
 Stormwater runoff volume to the waterway 
 Groundwater 
Scores for each sub measure were informed by the modelling and then given a score out of 100 
according to the following criteria. 
 0/100 – poor performance  
 50/100 – current best practice 
 100/100 – world’s best practice 
 
Table 7 – Raw scores for each sub-measure 
Sub measure raw scores 
(out of 100) Option 1 Option 2 Option 3 Option 4 Option 5 
Potable water consumption 74.55 69.52 69.52 80.47 54.73 
Nitrogen discharged to the Port 
Phillip Bay 
55.51 66.81 71.68 72.23 50 
Suspended solids discharged to 
the waterway 
69 51.5 69.25 69.5 51 
Nitrogen discharged to the 
waterway 
73.64 50.45 74.64 74.64 50.73 
Phosphorous discharged to the 
waterway 
75.09 60.73 75 75.27 60.73 
Stormwater runoff frequency to 
the waterway 
50 0 50 50 0 
Stormwater runoff volume to the 
waterway 
81.25 63.06 78.76 80.53 63.48 
Groundwater 76.91 51.29 85.37 81.37 50.47 
 
Weightings 
Weightings were assigned through several steps. Each member of the stakeholder group was given 
equal influence in the process. Stakeholders were asked to compare the importance of sets of two 
sub-measures by allocating $100 to spend across both. For example, when comparing two sub-
measures, if a stakeholder spent $67 dollars on sub-measure 1 and $33 on sub-measure 2, it could 
be determined that sub-measure 1 was twice as important as sub-measure 2. This process was 
repeated for all stakeholders and all sub-measures. The results of this were then discussed with the 
stakeholders to ensure that they properly aligned with their opinions, before a re-vote was held. The 
re-vote was then analysed for further use in the strategy. 
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After three different methods of analysis, three different weightings were determined high, low, and 
average. How each was calculated is listed below; 
 Average ‐ using the average scores from the stakeholder group revote 
 Low end – using the 10th percentile score recorded during the stakeholder group revote 
 High end – using the 90th percentile score recorded during the stakeholder group revote 
These weightings are shown in table 8. 
 
Table 8 - Three different MCA weightings 
Three different MCA weightings Average Low High 
Potable water consumption 8.96% 2.67% 26.84% 
Nitrogen discharged to the Port Phillip Bay 4.36% 1.11% 5.96% 
Suspended solids discharged to the waterway 5.11% 2.40% 4.55% 
Nitrogen discharged to the waterway 10.82% 6.53% 11.25% 
Phosphorous discharged to the waterway 11.58% 6.87% 9.41% 
Stormwater runoff frequency to the waterway 36.57% 46.00% 27.51% 
Stormwater runoff volume to the waterway 15.58% 24.44% 10.14% 
Groundwater 7.03% 9.98% 4.34% 
MCA Score 
With the weightings applied to the raw scores for each sub-measure, each sub-measure was given a 
weighted score, which was then be summated to find the total MCA score for each option. 
Table 9 below shows the MCA score calculated using the average weighting. The MCA scores 
equated using the high and low weightings have not been shown. 
 
Table 9 - Sub measure weighted scores - Average weighting used 
Sub measure weighted scores 
(Average weighting used) Option 1 Option 2 Option 3 Option 4 Option 5 
Potable water consumption 6.68 6.23 6.23 7.21 4.9 
Nitrogen discharged to the Port 
Phillip Bay 
2.42 2.91 3.12 3.15 2.18 
Suspended solids discharged to 
the waterway 
3.53 2.63 3.54 3.55 2.61 
Nitrogen discharged to the 
waterway 
7.97 5.46 8.08 8.08 5.49 
Phosphorous discharged to the 
waterway 
8.69 7.03 8.68 8.71 7.03 
Stormwater runoff frequency to 
the waterway 
18.28 0 18.28 18.28 0 
Stormwater runoff volume to the 
waterway 
12.66 9.82 12.27 12.54 9.89 
Groundwater 5.41 3.61 6.01 5.72 3.55 
Total option score 65.63 37.69 66.2 67.25 35.64 
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Net Present Value Analysis 
The Net present value was then calculated for each of the options using standard cost estimation 
processes. Revenues were estimated using standard expected tariffs. 
 
Table 10 – Net present value calculation for each option 
 Option 1 Option 2 Option 3 Option 4 Option 5 
CAPEX (Over 25 Years $M) 
Rainwater tank ‐ civil 373 ‐ ‐ 373 112 
Rainwater tank ‐ M&E 338 ‐ ‐ 338 101 
Solar hot water systems ‐ ‐ ‐ ‐ 508 
Household plumbing 218 174 174 283 22 
Reticulation 2,058 2,319 2,319 2,319 2,058 
WQ treatments 552 468 749 660 459 
Flood protection 2 2 2 2 2 
Transfer and distribution ‐ civil 1,045 1,086 1,086 1,086 1,045 
Transfer and distribution ‐ M&E 48 143 143 143 48 
OPEX (Over 25 Years $M) 
Electricity 375 347 347 327 412 
OPEX – customer ‐ ‐ ‐ ‐ ‐ 
OPEX – water companies 74 163 168 165 75 
Bulk charges – water 425 495 495 342 703 
Bulk charges – sewer 436 245 245 245 436 
Solar Hot Water System Savings (Over 25 Years $M) 
Solar hot water system bill 
savings 
‐ ‐ ‐ ‐ 283 
Revenue (Over 25 Years $M) 
Service and usage – residential 1,906 2,387 2,387 2,193 2,259 
Service and usage – commercial 160 160 160 160 160 
NCC’s 580 725 725 725 580 
Total calculated NPV 
25 Year Net Present Value ($M) ‐2,050 ‐1,554 ‐1,701 ‐2,130 ‐1,764 
 
Community Value Ratio 
The community value ratio was then calculated by dividing NPC by the MCA scores. This was done 
separately for each of the options and weighting types. An example calculation is shown below for 
option 1 using the community value score found using the average weighting. 
 
𝑁𝑃𝐶 = −𝑁𝑃𝑉 = $2,050 M 
𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑃𝐶
𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒 𝑆𝑐𝑜𝑟𝑒
=
2,050
65.63
= 31.24 
Equation 1 – Community Value Ratio Equation for Option 1 
Lachlan Guthrie – PhD Thesis 345
IMPROVING PLANNING PROCESSES FOR IUWM INFRASTRUCTURE 
Water Research Australia Ltd – PhD Project 4504 17 
All of these calculations have been completed and shown in figure 6 below, please note that the lower 
the community value ratio, the better the option. 
Figure 6 – Community Value Ratios for each option with each weighting score 
(Average weighting are written of graph) 
Following the calculation of the community value ratio, options 1, 3, and 4 were the clear standouts. 
As they each had very similar community value scores, and option 3 had the lowest NPC of these and 
therefore it was recommended as the preferred option. 
GOVERNANCE AND REGULATION 
Some regulators were involved in the stakeholder group to give their opinions of weightings, but the 
opinions of regulators were not specifically sought through any other method.  
Approval of the strategy came from the YVW board; no other groups were required to give approval 
on this strategy. 
FINANCING 
Strategy creation 
While there were in kind contributions from Melbourne Water in the secondments of staff into the 
project team and other in kind contributions from SRG representatives, the consultant’s fees were 
paid entirely by YVW. 
Strategy recommendations 
Capital and maintenance costs were considered for the community as a whole, without any cost or 
responsibility apportionment to each stakeholder. As there was no apportionment, it was not possible 
to create any commitments from stakeholders that they would implement the recommendations of the 
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plan. Similar to most master planning strategies, YVW would recoup their capital cost through a new 
customer contribution mechanism. 
Having reviewed the options assessed in this strategy, in the researchers’ opinion much of the capital 
and maintenance costs proposed would not be the responsibility of YVW. The researchers believe 
that not seeking funding agreements from all responsible stakeholders was an oversight of this 
strategy and would have severely reduced the ability to implement its recommendations had it been 
approved by the YVW board. 
OUTCOMES 
This strategy was never finalised or approved by the YVW board, but was absorbed into the ongoing 
Water Future North (WFN) strategy following a direction change which was caused by a change in state 
government and the installation of the Office of Living Victoria. The major questions that this strategy 
sought to answer: (1) if reticulated recycled water or rain water tanks were preferred in the NGA and (2) 
if the sewer transfer main upgrade could be avoided, still remain largely unanswered. 
As discussed previously, several technical aspects of the strategy were not resolved during this 
exercise resulting in the commissioning of new modelling and an audit of the whole planning process. 
While the audit showed that the modelling undertaken was correct, future modelling showed that there 
was an underestimation of the sewage storages required to avoid the construction of the sewer 
transfer main. It now seems unlikely that the sewer transfer main upgrade can be avoided. 
Some of the methods used in this strategy were reused in WFN, while others were not. In WFN 
options were also built up from the lot scale, but with only more generic “book end” options being 
assessed. WFN uses a simple cost benefit analysis that does not take into account social and 
environmental impacts that cannot be easily valued. While these impacts have been quantified they 
have not been considered in the option selection tool. This has resulted in each option being given an 
all-encompassing financial value.  
WFN has also used learnings from this strategy and goes into detail apportioning the capital and 
operating expenses and benefits to all the appropriate parties, including Melbourne Water, Yarra Valley 
Water, Developers, Council and the broader community. Combined with the increased ongoing 
stakeholder engagement this will, in the opinion of the researchers, result in a more implementable 
strategy. 
FINDINGS 
1. To improve chances of strategy implementation stakeholders should be engaged with at 
regular intervals during strategy development 
While a SRG is a good way to engage with multiple stakeholders without expending unnecessary 
resources, the researchers believe that a single stakeholder workshop as the main form of 
engagement is largely inadequate. The SRG was engaged at two points of the planning, at an initial 
stakeholder workshop and then to comment on the draft recommendations. This leaves a large gap in 
the communication between the project team and the stakeholders, which resulted in the stakeholders 
being unhappy with the direction of the strategy, and required more modelling after draft 
recommendations had been made. As has been shown by other case studies, project teams need to 
be in regular contact with SRGs to keep them on board throughout the process. Some SRG members 
may have been left feeling that the engagement was disingenuous resulting in negative outcomes 
from the engagement and a lack of support for strategy implementation. While it appears there should 
have been greater engagement during this strategy, the researchers believe it is important to note 
that the level and type of engagement should be appropriate and reasonable as there can also be 
negative consequences of too much engagement. 
2. Technical evaluations only answer the questions asked of them, they must be preceded by a 
strong understanding and be extensively overseen 
Another interesting point regarding this case study is that while it was relatively technically detailed, in 
comparison with other strategies, a large amount of this modelling needed to be redone. As part of 
this research program, consulted experts remarked that the “engineering work was the easy part, the 
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other stuff is hard”. Here this contact meant the “engineering work” in terms of the technical modelling, 
cost and yield estimates. The “other stuff” meant the decisions preceding the “engineering work” to 
decide what modelling was to be done and how to use that information to determine the best solution. 
This case study is a perfect example of that, a lot of “engineering work” was completed and audited to 
prove it was correct, but this was still not accepted by stakeholders, in part because they had not 
been adequately consulted during the preceding work. It appears as though the size of storage that 
would be required to allow for wet weather retention of sewage and therefore remove the requirement 
of the sewer transfer main was not sufficiently tested until after the modelling was completed. The 
researchers believe that this may have been picked up had the strategy had greater oversight. 
3. Simple MCAs with clear baselines work best as they are more transparent 
The researchers believe that the MCA used in this strategy to be quite well considered as it used 
simple and transparent criteria scoring and weighting equations. The method by which criteria were 
given raw scores from 0 – 100 was simple, easy to follow, and therefore transparent. Following these 
raw scores, the manner in which they were weighted was straight forward and easy to follow. It is the 
researchers’ opinion that in other strategies these calculations have been unnecessarily complicated. 
4. Dividing an MCA score by financial cost results in a cost benefit ratio and creates an 
assessment which can fairly compare options of different scales 
The MCA used in this strategy divides cost by community value to give the final option assessment 
scores. In most MCAs financial cost is normally considered as another weighted input into the MCA, 
which can result in over or under recognition of other impacts. In any option selection tool both the 
benefits and the negative impacts need to be identified and calculated in some fashion, without 
necessarily monetising all the impacts. However, if all the ‘difficult to value financially’ impacts and the 
impacts that are simple to value are calculated separately, you can create a ratio between the social 
and environmental benefits and the financial costs, as the planners did in this strategy. 
Further, the researchers believe that if a planner is comparing two options, one being half the cost 
and providing the half the benefits of the other, both options should be considered equal. This is 
especially true when looking at an area that is not in a closed system and a planner should look for 
value for money across the entire system, as that money can be spent in multiple locations. If a large, 
costly option with high social and environmental benefits is compare with a smaller, cheaper option 
with less social and environmental benefits using a weighting method it is likely that the more costly 
option will be preferred. 
Table 11 below shows the costs and social and environmental benefits of four options, then applies a 
cost benefit ratio and two weighting methods to show that the ranking of the options under each 
scenario changes. One can see that in all cases where weighting has been used, the options that 
have higher benefits and higher costs are favoured. 
 
Table 11 – Comparison of different financial and non-financial impact rating methods 
Option 
Financial 
cost 
Benefits score 
(Social and 
environmental) 
Benefit/cost 
ratio 
Weighting 
25% Cost 
75 % Soc. & 
Enviro. 
Weighting 
50% Cost 
50 % Soc. & 
Enviro. 
MCA Score Ratio Rank Score Rank Score Rank 
A $50 50 1 =2 50 4 50 =3 
B $100 100 1 =2 75 2 50 =3 
C $25 50 2 =1 56.25 3 62.5 2 
D $50 100 2 =1 87.5 1 75 1 
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5. Cost apportionment should be considered in collaboration with stakeholders as part of the
strategy development process to ensure recommendations are implementable
One of the reasons this strategy was never endorsed by the stakeholder reference group was that 
there was no apportionment of costs/responsibilities to stakeholders. The researchers believe that 
future strategies should include the consideration of cost apportionment in order to be implementable. 
6. Level of engagement with each stakeholder should be proportionate to implementation
responsibilities
The researchers believe that in a fully integrated strategy all impacted stakeholders need to have a 
proportionate input to the strategy and its recommendations. A logical continuation of this thought 
leads one to believe it is also fair that for a group to have input into a strategy, they should be 
proportionately responsible for the costs of planning and implementing the recommendations. The 
inverse is also true, if one is to be expected to contribute to the implementation costs, they should be 
allowed proportional input into the planning of those recommendations.  
Developer representation is especially relevant in greenfield areas like the NGA, where private 
developers are responsible for large amounts of infrastructure. Private companies behave in a 
different way than public bodies; they require different justification as they are largely driven by profit 
and use different lobbying avenues if they object to any recommendations. While the researchers 
recognise that cost sharing agreements with other organisations, in particular private companies, can 
be an incredibly difficult task to finalise, this was not investigated as part of this strategy. As only one 
statutory body was invited to the SRG as a developer representative, this could be considered 
inadequate representation. Were this strategy to have been approved by board; getting the 
developers on board afterwards could have been a significant road block to implementation.  
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Appendix	B	–	Survey	responses	
 
Response 
number State
C
hanging context & drivers
Scales of planning
Planning pipeline
C
ollaboration & Integration
Public/private interface
Appropriate level of engagem
ent
O
ption evaluation
Technical capabilities of planners
R
isk m
anagem
ent
Funding and finance
C
ost and responsibility 
apportionm
ent
Appropriate level of regulation
D
ecision im
plem
entation
Post-evaluation
1 QLD 1 11 4 2 10 3 14 13 5 8 9 7 6 #
2 VIC 8 5 3 2 9 6 11 10 14 7 4 1 13 #
3 WA 7 3 8 1 10 6 9 2 5 14 13 11 4 #
4 VIC 9 6 3 12 11 2 14 1 13 4 5 7 8 #
5 VIC 10 5 8 1 11 9 3 13 7 14 2 6 4 #
6 NSW 13 2 10 1 3 4 12 5 9 8 6 7 11 #
7 VIC 13 2 8 3 1 4 5 14 11 6 7 10 12 9
8 NSW 14 6 10 2 11 13 12 1 3 4 8 7 5 9
9 WA 8 7 6 4 3 2 12 13 14 9 10 1 5 #
10 VIC 3 6 7 2 8 9 10 11 14 4 5 1 12 #
11 VIC 7 8 3 1 14 10 4 5 6 11 2 9 12 #
12 NSW 1 2 8 9 3 4 5 13 14 6 10 12 7 #
13 VIC 1 10 11 4 13 3 2 8 9 6 7 14 5 #
14 VIC 3 11 14 2 4 12 1 10 9 5 6 7 8 #
15 VIC 9 10 13 1 7 2 6 12 11 8 4 3 5 #
16 VIC 4 5 9 1 14 3 6 2 7 12 8 11 13 #
17 VIC 14 2 3 1 5 6 13 7 10 4 12 9 11 8
18 VIC 10 2 7 3 12 5 11 4 14 13 8 9 6 1
19 VIC 10 11 9 12 14 8 6 3 4 1 7 2 5 #
20 WA 8 10 5 3 12 13 6 7 4 2 1 9 11 #
21 VIC 14 13 12 1 9 4 2 5 7 8 3 11 6 #
22 QLD 7 4 5 1 3 2 8 6 9 11 12 10 13 #
Please rank sequentially each of these 
aspects according to the level of importance you 
place upon them (1 being the highest, 14 being 
the lowest)
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Response 
number State
C
hanging context & drivers
Scales of planning
Planning pipeline
C
ollaboration & Integration
Public/private interface
Appropriate level of engagem
ent
O
ption evaluation
Technical capabilities of planners
R
isk m
anagem
ent
Funding and finance
C
ost and responsibility 
apportionm
ent
Appropriate level of regulation
D
ecision im
plem
entation
Post-evaluation
23 NSW 5 10 11 2 3 4 9 7 8 6 13 1 12 #
24 VIC 12 4 1 2 9 3 10 5 11 6 7 14 13 8
25 WA 4 10 9 3 8 7 5 12 1 11 13 14 2 6
26 VIC 10 11 9 1 3 5 12 4 13 2 6 7 8 #
27 WA 8 3 9 1 6 13 14 7 12 2 5 10 4 #
28 VIC 5 2 9 1 10 11 4 14 7 13 3 8 6 #
29 VIC 12 5 7 4 10 13 9 8 6 3 2 1 11 #
30 NSW 2 7 4 1 8 6 9 5 10 11 3 12 13 #
31 WA 1 7 5 6 3 13 9 14 10 2 4 12 11 8
32 VIC 10 2 13 7 5 11 6 1 9 3 12 8 14 4
33 SA 14 7 8 12 11 9 4 13 2 3 1 10 5 6
34 VIC 1 2 4 3 11 5 6 12 7 8 9 13 10 #
35 VIC 12 10 3 4 13 11 5 14 1 6 7 2 8 9
36 SA 8 2 9 4 10 6 1 5 11 7 12 3 13 #
37 VIC 3 4 11 2 14 5 6 7 12 1 10 13 9 8
38 VIC 14 12 11 5 6 4 9 2 10 1 8 3 7 #
39 VIC 9 7 8 1 14 2 3 10 4 13 5 12 6 #
40 VIC 6 2 10 1 11 3 5 4 9 7 8 13 12 #
41 Blank 1 2 3 6 12 7 5 9 11 8 10 4 13 #
42 VIC 6 5 13 4 14 11 7 8 9 1 2 10 3 #
43 VIC 9 2 10 1 11 12 3 7 5 4 6 8 13 #
44 VIC 13 12 4 3 14 9 7 8 11 10 2 5 6 1
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